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m  WET  THIOGEN  PROCESS  FOR  RECOVERING  SULPHUR  FROM  SULPHUR 
DIOXIDE  IN  SMELTER  GASES;  A  CRITICAL  STUDY. 


By  A.  E.  Wells. 


INTRODUCTION. 

A  critical  study  of  the  wet  Thiogen  process  for  extracting  sidphur 
from  the  smoke  of  smelters  is  one  of  several  investigations  related 
to  the  general  smelter-smoke  problem  that  are  being  conducted 
under  the  direction  of  the  Bureau  of  Mines.  Fart  of  the  work  done 
in  the  pyrometallurgical  section  of  the  cooperative  metallurgical 
exhibit  of  the  Bureau  of  Mines  at  the  Panama^Facific  International 
Exposition  during  1915  related  to  this  investigation,  and  at  the 
expiration  of  the  exposition,  the  work  was  continued  in  the  labora- 
tories of  the  Bureau  of  Mines  in  the  Hearst  Memorial  Mining  Building 
of  the  University  of  California,  Berkeley,  Cal.,  where  a  mining 
experiment  station  of  the  bureau  has  been  established  under  the 
cooperative  agreement  with  the  University  of  Califomia. 

Early  in  the  spring  of  1915,  when  plans  were  being  made  to  co- 
operate with  several  metallurgical  interests,  the  Thiogen  Co.  proposed 
to  the  Bureau  of  Mines  that,  along  with  the  studies  of  various  pro- 
posed methods  for  eliminating  sulphur  dioxide  from  smelter  smoke, 
there  should  be  included  a  study  of  the  wet  Thiogen  process.  In  the 
study  as  outlined  it  was  proposed  to  determine  whether  it  would  be 
technically  and  commercially  feasible  to  use  the  process  for  the 
recovery  of  elemental  sidphur  from  the  sulphur  dioxide  in  waste 
smelter  gases. 

Although  there  had  been  no  large-scale  work  with  the  process, 
either  in  the  laboratory  or  at  a  smelter,  representatives  of  the  metallur- 
gical and  TpiTi'Tig  industry  had  shown  considerable  interest  in  the 
proposed  method,  and  the  desire  had  been  expressed  that  a  better 
knowledge  of  the  possibilities  of  the  process  should  be  obtained. 
Thus,  cooperation  with  the  Thiogen  Co.  seemed  justified  by  the  in- 
terests of  the  metallurgical  industry,  and  by  the  conservation 
promised  by  the  recovery  of  a  product  of  market  value  from  what  is 
otherwise  a  waste,  and  in  some  instances  a  serious  nuisance. 
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10  .  THE   WET  THtOGEN   PROCESS. 

No  attempt  was  made  to  scrub  the  gasea  completely  of  t^eir  en- 
trained solid  matter.  However,  most  of  the  dust  settled,  uid  as 
ihe  material  being  roaated  was  nearly  pure  pyrite,  there  was  little 
metallic  fume  carried  over  into  the  absorption  tower. 

Velocity  determinations  and  temperature  readings  were  made  and 
samples  of  gases  for  analyses  were  token  at  the  fan,  on  the  suction 
side. 

Except  during  the  tests  when  wat«r  was  used  as  the  absorbing 
hquid,  the  main  object  of  the  work  with  the  absorption  tower  was  to 


FlouRE  I.~ElevatItiiaiiddatsllso(absorptlaatownu9«d  In  eipsrlnicDti. 

obtain  a  sulphurous-acid  solution  for  use  in  precipitation.  How- 
ever, in  all  tests  in  which  it  was  possible,  the  following  records  were 
taken,  neafly  simultaneously,  in  order  to  indicate  the  effidency  of 
the  tower  for  absorption  purposes : 

1.  Volume  and  SO,  content  of  gases  to  tower. 

2.  Volume,  temperature,  and  SO,  content  of  solution  from  tower. 
In  certain  tests,  the  80,  content  of  the  exit  gases  from  the  tower 

was  also  determined. 
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ABSORPTION   OF  SULPHUR  DIOXIDE.  11 

ABSOBPnON  OF  SXJLFHUB  DIOXIDE  IN  WATEB. 

In  October,  1915,  at  the  exposition  laboratory,  tests  were  made  to 
determine  the  maximum  concentration  of  sulphur  dioxide  that  could 
be  obtained  when  water  was  used  as  an  absorber,  corresponding  to 
Afferent  concentrations  of  sulphur  dioxide  in  the  gases. 

In  the  tests  the  total  volume  of  gases  going  to  the  tower  was  varied 

between  20  cubic  feet  (566  liters)  per  minute  and  30  cubic  feet  (850 

hters)  per  minute,  the  velocity  of  the  gases  through  the  tower  thus 

varying  between  1.5  feet  (45.8  centimeters)  per  second  and  2.2  feet 

(67.1  centimeters)  per  second.    The  average  velocity  was  2.0  feet 

(61  centimeters)  per  second.    The  volume  of  water  passing  through 

the  tower  was  varied  between  4  liters  (1.05  gallons)  and  15.5  liters 

(4.1  gallons)  per  minute.    With  a  volume  of  about  8^  liters  per 

minute  being  pumped  into  the  top  of  the  tower,  the  total  volume  of 

water  in  the  tower  at  any  one  time  was  about  20  hters  (5.3  gallons). 

The  water  temperature  varied  between  15®  and  19°  C. 

When  the  volume  of  water  descending  through  the  tower  was  less 
than  8  liters  per  minute  (about  2.1  gallons),  the  concentration  of  the 
sulphur  dioxide  in  the  solution  was  close  to  that  of  theoretical  sat- 
uration for  water  at  those  temperatures  in  equihbrium  with  the  gas 
concentrations.  The  solubihty  of  sulphur  dioxide  in  water  as  given 
by  Schdnfeld^  is  taken  as  the  basis  for  calculating  the  theoretical 
saturation  concentration.  For  example,  with  an  SO,  content  of  6.5 
per  cent  in  the  gases  in  water  at  18®  C,  a  maximimi  concentration 
of  about  7.4  grams  per  hter  (0.99  ounce  per  gallon),  was  obtained,  as 
against  a  theoretical  saturation  concentration  of  7.8  grams  per  Hter. 

With  an  SO,  content  of  8.5  per  cent  in  the  gases  the  water  solution 
at  18®  C.  contained  9.8  grams  of  SO,  per  hter,  as  against  a  maximimi 
saturation  concentration  of  10.2  grams  per  hter. 

However^  in  these  tests  in  which  nearly  theoretically  saturated 
solutions  were  obtained,  not  more  than  50  per  cent  of  the  total  SO, 
going  to  the  towers  was  recovered.     (See  Table  1.) 

By  increasing  the  volmne  of  water  going  through  the  tower  to  11 
hters  per  minute,  about  70  per  cent  of  the  total  SO,  was  recovered. 
The  concentration  of  the  SO,  in  the  resulting  solutions  was  within  80 
per  cent  of  that  for  the  theoretical  saturation.     (See  Table  1.) 

In  order  to  increase  still  further  the  total  absorption  of  the  sulphur 
dioxide,  the  volume  of  the  solution  descending  through  the  tower  was 
increased  to  as  much  as  16.5  hters  (4.4  gallons)  per  minute.  With 
this  laige  volmne  of  water  the  total  absorption  of  the  SO,  was 
increased  to  as  high  as  90  per  cent,  but  the  concentration  of  the 

•  BdbOoUkif  Tnm,  tJalMr  dan  Abflorptlon»colffloienten  der  scbwefligen  BAore,  des  CUors  and  des 
6di««iBlwaaMntaa!B:  Usblg's  Ann.,  Bd.  06, 1866,  p.  1;  see  also  Landolt-BOrnstein  PhysikaUsch-Cbemische 
Tabeikii,  iit  td.,  1212,  p.  6W. 
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sulphur  dioxide  in  these  solutions  was  in  some  cases  as  low  as  70  per 
cent  of  that  required  for  saturation.     (See  Table  1.) 
Table  1  following  gives  a  summary  of  the  results  of  the  teste. 

Table  l^-Summary  of  tests  ofabmyrpHan  qf  sulphur  dioMs  in  watttrfl 

[Dates  of  tests,  Oct.  33-37, 1015.) 
SOLUTION  NEARLY  SATURATED. 


1915. 

Oct.  33 

21 

23 

23 

33 


Num- 
ber of 
tests 
aver- 
aged. 


4 

7 

4 

11 

8 


Vol- 
ume of 
gases  to 
tower 
atl8*C. 

and 

700 

mm. 


Cu.ft. 
36 
20 
31 
34 
33 


Tem- 
pera- 
ture of 
gases 

at 
tower. 


•C. 
30 
31 
31 
32 
33 


Per 
cent  of 
SOsin 
gases  to 
tower, 
aver- 
age. 


3.7 
5.4 
6.3 
7.8 
0.4 


Weight 
ofSOs 

to 
tower 

mmute, 
aver- 
age. 


Omnu. 

73.5 

87.6 

102.0 

130.0 

152.0 


Vol- 
nmeof 

water 

thfimgh 

tower, 
minute. 


LUen. 
8.0 
7.5 
7.6 
8.0 
8.0 


Tem- 
pera- 
ture of 
water 
at  oat- 
let. 


17 
10 
10 
18 
10 


80t  content  of 
aolutioo. 


Per 
liter, 
aver- 
age.» 


Orwnu. 
4.5 
6.0 
7.0 
8.6 

lao 


Total 

mmate, 
average 


OratM. 
86.0 
45.0 
53.3 
70.4 
80.0 


Per 

cent 

of  the- 

oretieal 

satuia- 

tioo. 


98 
95 
93 
94 
93 


SOLUTION  LBSS  SATURATED,  BUT  mOHER  PERCENTAGE  OF  80|  RBGOVBBED 

(APPROXIMATELY  70  PER  CENT). 

Oct.  33 

5 

8 
3 

36 
23 
31 

20 
33 
21 

8.5 

6.0 
7.0 

68.6 

07.3 

113.5 

13.0 
ILO 
ILO 

17 
18 
18 

4.0 
6.3 
7.1 

48.0 
68.3 
78.3 

91 

37 

86 

38 

84 

UNSATURATED  80LUTI 

ON,  RECOVERY  OF  SOt  MORE  NEARLY  COMPLETE  (APPROX- 
IMATELY 85  PER  CENT). 

Oct.  22 

5 

4 
9 
8 

31 
31 
33 
31 

33 

30 
81 
33 

5.3 

0.5 
7.3 
8.1 

8«.3 

105.3 
116.8 
131.0 

16.3 

15.5 
15.0 
16.0 

17 
17 
18 

18 

4.8 
5.7 
6.1 
7.0 

77.8 

88.6 

01.6 

113.0 

74 

22 

71 

27 

71 

27 

72 

♦ 

a  Tests  by  A.  E.  Wells.  W.  Freeman,  R.  Bnhman,  C.  E.  Brandt,  and  A.  L.  Tattle. 

b  Grams  per  liter  multiplied  by  0.133*ounoes  per  gallon. 

ABSOBFTION    OF   SULPHUB  DIOXIDE   IN   MOTHEB-UQTTOB 

SOLXniONS. 

The  composition  of  mother  hquor  circulated  through  the  tower  to 
absorb  the  sulphur  dioxide  was  not  constant.  The  amount  of  barium 
in  solution  varied,  according  to  the  conditions  under  which  the  pre- 
ceding precipitation  had  taken  plac«,  between  2  and  15  grams  per 
liter.  The  ratio  of  sulphur  to  barium  varied  between  2  atoms  of  S 
to  1  atom  of  Ba,  and  5  +  atoms  of  S  to  1  atom  of  Ba.  These  data, 
summarized  briefly  below,  were  obtained  with  a  mother  liquor  having 
an  average  specific  gravity  of  1.035,  a  barium  content  of  about  10 
grams  per  Uter,  and  a  ratio  of  sulphur  to  barium  of  3  to  5  atoms  of 
S  to  1  atom  of  Ba. 

In  determining  the  sulphur  dioxide  present  in  these  solutions,  sam- 
ples were  taken  from  the  stream  running  out  of  the  tower.  These 
were  titrated  with  a  standard  alkali,  methyl  orange  being  used  as  an 
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indicator.  With  methyl  orange,  neither  the  thiosulphate,  the  thio- 
nates,  nor  the  bisulphite  that  might  be  present  in  the  solution  was 
titrated,  and  the  alkaU  used  was  equivalent  only  to  one-half  the  free 
sulphur  dioxide.  In  other  samples  the  total  iodine  value  of  the 
sample  was  determined.  The  samples  were  then  heated  to  70^  to  80^ 
C.  to  drive  off  the  sxilphur  dioxide,  and  the  iodine  equivalent  of  the 
thiosulphate  or  bisulphite  was  determined,  this  equivalent  being 
deducted  from  the  total  iodine  value. 

In  56  tests,  with  the  velocity  of  the  gases  through  the  tower  aver- 
aging 2  feet  per  second,  and  with  the  sulphur  dioxide  content  varying 
between  4.8  and  6.5  per  cent,  approximately  73  per  cent  of  the  total 
sulphur  dioxide  was  recovered  with  an  average  volume  of  9  liters 
(2.37  gallons)  of  solution  per  minute  descending  through  the  tower. 
The  resulting  concentrations  of  sulphur  dioxide  in  the  solutions 
averaged  20  per  cent  greater  than  those  theoretically  possible  in  pure 
water  at  the  same  temperature,  and  in  equihbrimn  with  the  gas  con- 
centrations. 

Table  2. — Ahsorptum  of  mlpkur  diomde  in  mother  liquor  of  Thiogen  process,  loith 

SO2  content  of  4,8  to  6.5  per  cent.<^ 

[Dates  of  tests,  Oct  11-Nov.  26, 1915.] 


Nimiberfrftfirts. 


Volume 
of  gases 

to 

tower 

iatl8*C. 

and 
700  mnL 


6 

g 

« 

10 

4 

4 

4 

4 

4 

6 


CVLfL 

20 
33 
25 
26 
38 
26 
26 
23 
23 
23 


Tem- 
pera- 
ture of 


•a 

21 
20 
19 
17 
18 
17 
18 
19 
19 
19 


Per 
cent  of 
SOsin 


to 
tower, 
aver- 
age. 


Weight 
ofSOs 

to 

tower 

per 

munite, 

average. 


6.4 
5.1 
5.0 
4.8 
6.0 
6.3 
4.8 
5.6 
6.5 
6.5 


Vol- 
tuneof 
solution 
through 

tower 


OrafitB. 

82.0 

89.0 

94.8 

M.3 

127.0 

123.0 

94.3 

96.0 

113.0 

113.0 


per 
mfnut 


ute. 


Tem- 
pera- 
ture 

of 
solution 

at 
outlet. 


LUer$. 

8.0 

4.1 
10.0 
11.2 

8.2 
11.7 
10.2 
10.0 

7.8 
10.0 


•c. 

20 
15 
18 
17 
17 
20 
22 
15 
17 
22 


SOi  content  of 
mother  liquor. 


Per 
Uter. 


Orams. 
7.4 
8.6 
7.2 
7.2 
9.0 
8.65 
6.6 
8.9 
11.2 
8.0 


Total 
in  so- 
lution. 


Cframg. 
59.2 
35.2 
72.0 
80.6 
73.8 
101.0 
67.4 
80.0 
87.4 
80.0 


Per 
cent  of 
total 
80s  ab- 
sorbed 

in 
mother- 
liquor 
solu- 
tion. 


72 
40 
76 
85 
58 
82 
72 
93 
77 
71 


Ratio  of 
oonoen- 
tration 


oentage 

at- 
tained 
totheo- 
reUcal 
satura* 

tion 
oonoen- 
tration 

in 
water 


123 
126 
119 
120 
120 
121 
130 
119 
137 
117 


«  Tests  by  A.  E.  Wells,  W.  Freeman,  C.  E.  Brandt,  A.  L.  Tuttle,  and  R.  Buhman. 

Thirty-two  tests  were  made  with  the  sulphur  dioxide  content  of 
the  gases  varying  between  7  and  10  per  cent,  and  the  volume  of  solu- 
tion used  varying  between  7.0  and  7.5  liters  per  minute.  The  sulphur 
dioxide  concentration  of  these  solutions  averaged  about  12  per  cent 
greater  than  was  theoretically  possible  in  pure  water. 

Ten  tests  were  made  when  the  gas  concentration  varied  between  1 1 
and  13  per  cent  sulphur  dioxide,  the  volume  of  mother  hquor  circu- 
lated being  about  7.5  hters  (2  gallons)  per  minute.     In  these  solutions 

71284**— 17 2 
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the  sulphur  dioxide  concentration  was  only  about  8  per  cent  greater 
than  that  for  water  saturation  under  the  same  conditions. 

Tablb  3. — Absorption  of  sulphur  dioxide  in  mother  liquor  of  Thiogen  process,  SO^  con- 
tent of  gases  above  7  per  cent.^ 

[Dates  of  tests,  Jan.  29  and  Feb.  1, 1916.] 


- 

Ratio  of 
oonoentra* 

Percent 

Volume 
of 

Tempera- 
ture of 

SOtOQO- 

tantof 

solution 

perUt«. 

tlon 
attained 

Number  of  tests. 

ofSOtin 

solution 

absorbing 

totheo- 

gases. 

used  per 
fflUuite. 

solution 
from  tower. 

raUcal  satu- 
ration oon- 

In  water. 

Liters, 

•c. 

Onms. 

8 

7.1 
7.6 
7.9 
9.1 
9.5 

7.2 

7.0 
7.2 

23 
27 
22 
19 
2S 

7.6 

7.2 

9.2 

12.4 

10. 9 

107 

3 

110 

18 

111 

117 

o. •. 

116 

9.6 
9.7 
10.7 
12.4 
12.5 
12.8 
12.9 
15.2 

7.1 
7.1 
7.2 
7.0 
7.1 
7.0 
7.1 
7.1 

19 
28 
27 
34 
24 
28 
24 
27 

12.7 

11.0 
10.0 
12.4 
12.8 
11.8 
13.5 

113 

»113 

108 

104 

1  * " 

108 

110 

Clio 

13.3  1                100 

I 

a  Twts  by  A.  E.  Weils,  W.  Freeman,  V.  P.  Edwards,  and  R.  Buhman.    »  AyerBg»-112  .    •  Average-  lOR. 

It  is,  of  course,  hardly  true  that  the  solution  factors  obtained  in 
the  tests  represented  actual  saturation.  However,  inasmuch  as 
with  pure  water  the  theoretical  maximum  concentration  within  10 
per  cent  was  obtained,  it  is  safe  to  assume  that  imder  the  same 
conditions  the  tests  with  the  mother  liquor  gave  results  that  came 
within  that  limit. 

These  figures  are  slightly  lower,  about  10  per  cent,  than  those 
obtained  in  a  small  glass  absorption  tower  by  D.  E.  Fo^,*  former 
engineer  for  the  Thiogen  Co.,  who  foimd  also  a  decrease  in  the  absorp- 
tion coefficient  with  the  higher  gas  concentrations,  similar  to  that 
found  in  these  tests.  A  comparison  of  concentrations  obtained  at 
18°  C.  is  given  below. 

Comparison  of  concentrations  obtained  in  absorption  tests. 


Percent 

ofBOsin 

gases. 

SOt  concentration  per 
liter  in  mother  liquor 
with  a  spedflc  grav- 
ity of  l.ds. 

Tests  by 
D.  E.  Fogg. 

Bureau 

of  Mines 

tests. 

5 
6 
7 
8 
9 

Gram9. 

8.0 

9.4 

10.7 

11.8 

IB.O 

Onmt. 

7.2 

8.7 

9.7 

10.9 

12.1 

The  results  of  absorption  tests  indicate  that  by  the  use  of  mother 
liquor  as  the  absorbing  liquid  the  concentration  of  the  sulphur  dioxide 

a  Figures  given  in  personal  communication  to  author. 
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in  the  solution  can  be  brought  to  at  least  that  of  a  saturated  solution 
of  water  under  the  same  conditions  and  with  the  usual  gas  concentra- 
tion fpimd  in  practice  the  concentration  will  be  10  to  20  per  cent 
higher  than  ia  theoretically  possible  in  pure  water.  By  the  use  of  a 
tower  of  the  same  type  and  height  as  used  in  the  experiments  and 
with  the  gas  velocity  varying  between  2.0  and  2.5  feet  per  second, 
these  concentrations  can  be  obtained  simultaneously  with  the 
recovery  of  about  75  per  cent  of  the  sulphur  dioxide  in  the  gases. 

PRECIPITATION  OF  SULPHUR  DIOXIDE  AS  BARIUM  SULPHITE, 

THIOSULPHATE,  AND  SULPHUR. 

OXTTLINE  OF  TBST8. 

As  stated  above  the  reaction  between  barium  sulphide  and  sulphur 
dioxide  may  be  expressed  as  follows: 

2BaS-f-3S03=2BaSO,-f-3S 
2BaS-|-3S02=2BaS30,+S 

Barium  sulphide  in  water  solution  is  more  or  less  hydrolyzed  so 
that  the  solution  contains  Ba(OH)3+Ba(SH)2.  Thus  a  reaction 
between  BaS  in  solution  and  SO,  solution  may  be  written: 

2BaS+2H20=Ba(OH)a+Ba(SH)3 
Ba(OH)3+S03=BaSO,+H30 
Ba(8H)s+2S02=»BaS08  -f-3S-f  HjO 

In  this  investigation  it  was  necessary  to  determine  the  extent 
of  these  reactions  under  laboratory  conditions  and  under  the  less 
completely  controlled  conditions  likely  to  be  met  in  large-scale 
operations.  A  knowledge  of  the  physical  characteristics  of  the 
precipitate  formed  imder  the  different  conditions  was  also  essentials 

Series  of  tests  were  made  to  determine  the  completeness  of  the 
reaction  when  the  theoretical  quantities  were  brought  together  (1) 
when  both  were  in  solution,  (2)  when  the  nearly  pure  sohd  bariiun 
salphide  was  stirred  into  the  sulphur  dioxide  solution,  and  (3)  when 
the  solid  barium  sulphide  added  was  present  in  a  reduced  product 
of  previous  precipitations. 

In  other  series  similar  precipitations  were  made  when  either  barium 
salphide  or  sulphur  dioxide  was  present  in  excess. 

hi  still  other  series  repeated  precipitations  were  made,  the  same 
mother  liquor  after  filtration  of  the  precipitate  being  used  each  time. 
Hie  purpose  of  using  the  same  mother  hquor  in  the  cycles  was  to 
determine  the  maximum  concentration  of  barium  salts  that  might  be 
obtained  in  solution.  These  cydic  precipitations  were  first  made 
on  the  small  laboratory  scale  and  later  on  the  larger  scale,  when  the 
barium  compoxmds  were  used  in  cycles  as  well  as  the  mother  hquor. 
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The  results  of  series  of  tests  designated  series  A,  B,  G,  and  D,  con- 
ducted on  the  small  laboratory  scale,  are  summarized  below: 

SBBIB8  A  PBBCIPITATIOK  TESTS. 

In  the  Series  A  tests,  standard  solutions  of  barium  sulphide  were 
added  at  20°  C.  to  standard  sulphur  dioxide  solutions  in  which  there 
were  no  barium  salts  present. 

The  sulphur  dioxide  solutions  were  standardized  against  iodine 
and  also  against  a  standard  alkali.  The  barium  sulphide  solutions 
were  standardized  against  iodine  and  also  by  titration  with  a  zinc 
hydroxide  solution,  nickel  sulphate  being  used  as  an  outside  indicator. 

Precipitations  were  made  in  glass-stoppered,  wide-mouthed  bot- 
tles, the  solution  being  well  shaken  for  several  miiiuteB  during  pre- 
cipitation. 

After  the  precipitate  had  been  allowed  to  settle,  an  aliquot  part 
of  the  solution  was  taken  for  the  determination  of  excess  uncom- 
bined  sulphur  dioxide.  This  was  determined  either  by  titrating 
with  iodine  both  before  and  after  the  solution  had  been  heated  to 
80°  C,  or  by  titrating  with  a  standard  alkali,  methyl  orange  being 
used'  as  an  indicator.  The  precipitate  was  collected  on  a  filter  and 
washed  once  with  hot  water,  and  then  dried  at  100°  C.  Sulphur, 
barium  sulphite,  barium  thiosulphate,  and  bariimi  sulphate  were 
then  determined. 

However,  in  some  cases  just  the  total  acid  soluble  barium  and 
insoluble  barixmi  were  determined.  Elemental  sulphur  was  deter- 
mined by  leaching  the  precipitate  with  carbon  bisulphide,  evaporat- 
ing off  the  carbon  bisulphide  on  a  tared  watch  glass,  and  weighing 
the  residue  sulphxzr. 

As  Ba(OH)j  and  Ba(SH),  are  formed  in  dissolving  BaS  in  water, 
it  is  necessary  to  keep  the  solution  away  from  the  atmosphere  to 
prevent  formation  of  the  barixmi  carbonate  and  loss  of  hydrogen 
sulphide.  The  sulphur  dioxide  solutions  varied  in  strength  from 
0.66  gram  to  37  grams  of  SO,  per  liter.  The  amount  of  barium  sul- 
phide added  was  between  37  and  118  per  cent  of  that  theoretically 
necessary  for  the  reaction. 

In  these  tests  when  the  amount  of  barium  sulphide  theoretically 
required  was  added,  the  sulphxzr  dioxide  was  completely  neutralized, 
no  uncombined  sulphur  dioxide  or  barium  sulphide  remaining  in  the 
solution.  When  the  sulphide  was  added  in  an  amount  less  than  that 
theoretically  required  for  the  reaction,  the  excess  uncombined 
sulphur  dioxide  in  the  solution  was  always  less  than  the  theoretical 
excess.  This  was  due  to  the  fact  that  the  excess  sulphur  dioxide, 
to  a  certain  extent,  reacted  with  the  precipitated  barium  sulphite, 


PBECIPITATION  OF  SULPHUB  DIOXIDE.  17 

or  thksulphate,  dissolving  these  as  a  thionate  or  sulphite  in  which 
the  atomic  ratio  of  S  to  Ba  was  greater  than  2:1.  The  higher  the 
concentration  of  the  sulphur  dioxide  in  the  solution  before  precipita- 
tion, the  greater  is  the  concentration  of  these  barium  salts  in  solution, 
a3  is  indicated  by  the  results  of  tests  B-7,  E-2,  C5-1,  B-2,  E-3,  C-5, 
and  C-9  given  in  Table  4  following. .  Also  the  greater  the  amount  of 
sulphur  dioxide  in  excess  over  that  required  for  the  reaction  with 
barium  sulphide,  the  greater  is  the  concentration  of  the  barium  salts 
and  the  greater  is  the  ratio  of  the  sulphur  to  the  barium  in  the 
sohitioDS. 

When  an  excess  of  barium  sulphide  was  added,  the  iodine  titra- 
tion of  the  solution  after  precipitation  was  equivalent  to  more  barium 
sulphide  than  the  calculated  excess.  This  excess  iodine  value  was 
due  to  the  fact  that  the  solution  contained  a  greater  proportion  of 
the  SH  ions  than  the  OH  ions.    In  several  cases  where  there  was 

« 

only  a  alight  excess  of  bariiun  sulphide  added,  the  addition  of  sul- 
phur dioxide  in  an  amoimt  equivalent  to  the  iodine  value  was  sufficient 
to  neutralize  the  solution.  In  the  second  precipitation,  in  which  the 
sohition  was  neutralized  with  sulphur  dioxide,  or  a  slight  excess  of 
sulphur  dioxide  was  added,  the  precipitate  contained  more  sulphur 
in  proportion  to  the  barium  than  did  the  first  precipitate,  which 
also  indicated  the  presence  of  excess  SH  ions,  after  the  first  precipita- 
tion. 

Irrespective  of  the  concentrations  of  the  sulphur  dioxide  or  the 
barium  sulphide  solutions,  the  precipitates  in  all  cases  were  princi- 
pally the  bariimi  thiosulphate  and  sulphiu*  (2BaS203  and  S)  with 
aome  barium  sulphite  and  sulphur  (2BaS03-f3S). .  In  some  precipi- 
tates the  sidphate  was  foimd,  owing  no  doubt  to  oxidation  during 
filtration  and  drying. 

The  thiosulphate  and  the  sulphite  w^re  sUghtly  soluble,  the  amount 
going  into  solution  varying  according  to  the  original  sidphur  dioxide 
content  of  the  solution,  and  the  excess  sulphur  dioxide  remaining  in 
solution  after  reaction. 

The  precipitates  were  mostly  flaky  and  flocculent,  some  of  them 
containing  a  much  smaller  proportion  of  a  crystalline  precipitate 
This  crystalline  precipitate  was  the  sulphite. 

When  the  sulphur  dioxide  solution  was  completely  neutralized, 
or  when  the  solution  contained  an  excess  of  sulphur  dioxide,  the 
precipitate  settled  very  rapidly.  In  a  solution  that  was  alkaline 
owing  to  an  excess  of  sulphide,  the  precipitate  settled  very  slowly, 
having  colloidal  characteristics. 
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Table  A.-^Retulta  of  Series  A  precipUation  teste, <i 

BABXim  StTLPHTDB  ZH  SOLXmON  ADDED  TO  BXTLPKUR  DIOZZDB  SOLITTIOH. 

SULPHUR  DIOXIDE  SOLUTION,  36.8  GRAMS  PER  LITER;  BARIUM  SULPHIDE  80LU-: 

TION,  69.0  GRAMS  PER  LITER. 


Total 

SOt 

Ofled. 

Total 
BaS 
uaed. 

Pro- 
portion 
of  BaS 
refarred 
toper 
oentage 
theo- 
reti- 
cally re- 
quired. 

SOf  pw  liter  in 
solution  after 
{Kedpitatlim. 

BaS  per  liter  in 
solution  after 
precipitation. 

Baper 

liter  in 

solo* 

tion. 

Ap- 
pnnl- 

mate 
atomic 

ratio 

ot^fn 

solu- 
tion. 

Per 
oraitof 
total 
Bain 
solu- 
tion. 

Pw 
cent  of 

Test  No. 

Theo- 
retical. 

Deter- 
mined. 

Theo- 
retical. 

BaS 
equiv- 
alent 
to  Is  ti- 
tration. 

total 
Bain 
precipi- 
tate. 

B-4 

Chranu. 
3.68 
3.68 
3.68 
3.35 
3.68 
3.68 
3.68 

•    3.68 

OratM. 
7.68 
6.84 
6.48 
5.90 
5.90 
5.20 
4.76 
3.56 

P.ct. 

118 

105 

100 

100 

91 

80 

73 

55 

Orama. 

aoo 

.00 

.00 

.00 

L65 

3«90 

5.36 

ia3 

Oramt. 

aoo 

.00 

.00 

.00 

.65 

1.68 

3.78 

8.93 

Chums. 
5.23 
1.71 
.00 
.00 
.00 
.00 
.00 
.00 

OraiM. 

"'Z8S 
.00 
.00 
.00 
.00 
.00 
.00 

Qrams. 
5.26 
4.63 
2.99 
2L64 
4.03 
5.95 
7.17 

2.5:1 
2.2:1 
2.0:1 
2lO:1 
2.2:1 
2.3:1 
2.3:1 

20 
18 
12 
11 
16 
27 
33 
50 

80 

B-3 

82 

B-7 

88 

B-8 

89 

B-2 

84 

B-5 

73 

B-1 

67 

B-8 

8.96 

2.5:1 

50 

SULPHUR  DIOXIDE  SOLUTION,  18.0  GRAMS  PER  LITER;  BARIUM  SULPHIDE  SOLU- 

TION,  31.7  GRAMS  PER  LITER. 


E-l 

L80 
1.80 
L80 
1.80 
L80 

3.49 
3.17 
2.85 
2L54 
2.22 

110 

100 

90 

80 

70 

0.00 

.00 

.95 

2.00 

3.18 

aoo 

.00 

.90 

L55 

2.28 

L52 
.00 
.00 
.00 
.00 

2.10 
.00 
.00 
.00 
.00 

3.90 
2.10 
2.95 
3.75 
5.10 

2.3:1 
2.0:1 
2.2:1 
2L3:1 
8.3:1 

29 
16 
24 

34 
48 

71 

E-2 

84 

E-3 

76 

E-4 

66 

E-^ 

52 

SULPHUR  DIOXIDE  SOLUTION,  4.4  GRAMS  PER  LITER;  BARIUM  SULPHIDE  SOLU- 
TION, 12.3  GRAMS  PER  LITER. 


C-4 

a  88 

.88 
.88 
.88 
.88 
.88 
.88 

L72 

L54 

1.35 

1.23 

.96 

.80 

.57 

112 
100 

88 
80 
62 
52 
37 

aoo 

.00 

.35 

.57 

L19 

1.58 

2.91 

aoo 

.06 

.31 

.56 

L12 

L43 

2.20 

a53 
.00 
.00 
.00 
.00 
.00 
.00 

a  90 

.00 
.00 
.00 
.00 
.00 
.00 

a96 

1.40 
1.82 

1.84 
1.75 
L50 
L20 

2.2:1 
2L0:1 
2.3:1 
2.3:1 
2.3:1 
2.4:1 
2.4:1 

16 
34 
48 
65 
69 
58 
98 

8S 

C-1 

66 

C-^ 

52 

C-2 

45 

C-6 

41 

C^ 

C-7 

42 
2 

SULPHUR   DIOXIDE  SOLUTION,  0.7  TO  1.5  GRAMS  PER  LITER;  BARIUM  SULPHIDE 

SOLUTION,  1201  GRAMS  PER  LITER. 


C-8 

a  16 

.15 
.066 
.070 
.070 

a  21 
.185 
.104 

m  IrlFlP 

.086 

80 
70 
90 
80 
70 

a  45 
.70 
.062 
.130 
.197 

a  42 
.59 
.060 
.100 
.145 

aoo 

.00 
.00 
.00 
.00 

aoo 

.00 
.00 
.00 
.00 

a46 

_    .86 
.28 
.24 
.32 

2.0:1 
2.0:1 
2.0:1 
2.1:1 
2.1:1 

32 
50 
36 
32 
49 

68 

C-11 

C-^ 

SO 
64 

C-10 

C-12 

68 
51 

a  Tests  by  A.  E.  Wells,  W.  Freeman,  R.  Buhman,  C.  E.  Brandt,  and  V.  P.  Edwardes. 
8EBIES  B  PBBCEPITATION  TESTS. 

In  the  Series  B  tests,  powdered  barium  sulphide  waa  added  to  the 
sulphur  dioxide  solution  which  contained  no  barium  salts.  When 
powdered  barium  sulphide  was  used  for  precipitation,  the  precipitate 
always  was  mostly  the  thiosulphate  and  sulphur  (2  BaS^Os+S); 
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but  the  SO,  consumption  per  unit  of  BaS  added  was  variable,  depend- 
ing to  a  great  extent  on  the  degree  of  fineness  to  which  the  barium 
sulphide  had  been  pulverized,  and  on  the  rapidity  with  which  the 
sulphide  was  stirred  into  the  solution.  Very  often  the  free  sulphur 
dioxide  would  be  completely  removed  from  solution  before  all  the 
sulphide  had  dissolved,  even  when  only  80  per  cent  of  the  theoretically 
required  amount  of  the  sulphide  had  been  added,  and  later  as  this 
sulphide  dissolved,  the  solution  became  alkaline. 

In  Table  5  following  are  given  the  data  obtained  in  tests  when 
bariiun  sulphide  (95  per  cent  BaS  and  5  per  cent  BaSO^+BaSO^) 
pulverized  to  200  mesh  was  used  as  the  precipitant.  The  solid 
material  was  incorporated  into  the  solution  by  vigorous  shaking  in  a 
bottle. 

Table  5. — Retults  of  Series  B  precipitation  tests. *^ 

[Solid  btrjnm  sulphide  (96  per  cent  BaS.  200  mesh)  added  to  sulphur  dioxide  solution,  which  befora  pre- 

dpitation  contained  no  barium  salts.) 


Test  No. 


1. 
2. 
3. 
4. 
5. 
6. 

^ 

8. 
9. 
W. 
U. 
12 
U. 
14 
15 
16 


BbS  ad- 

Excess SOs  per 

Baper 

SOsin 
sotatlon 
per  liter. 

ded,  per 
cent  of 

theoreti- 
cal re- 

liter. 

liter  hi 
solution 
after  pre- 
cipita- 
tion. 

Calcu- 

Deter- 

quired. 

lated. 

mined. 

Oram; 

Qmrns. 

Qramt. 

Oram; 

36.8 

100 

«'0.0 

i>0.0 

4.25 

36.8 

90 

3.7 

2.5 

6.10 

36.8 

80 

7.4 

5.1 

6.85 

36.8 

70 

11.1 

7.8 

9.15 

18.0 

100 

KO 

6.0 

3.56 

18.0 

90 

1.8 

.0 

3.96 

18.0 

HO 

3.6 

1.9 

4.50 

18.0 

70 

5.4 

2.8 

6.80 

7.3 

100 

*.o 

ft.O 

1.26 

7.3 

88 

.88 

.30 

1.62 

7.3 

43 

4.16 

2.20 

4.10 

4.4 

100 

l>.0 

6.0 

1.15 

4.4 

90 

.44 

.00 

1.50 

4.4 

80 

.88 

.30 

1.60 

.  ^ 

100 

*.o 

6.00 

.60 

.7 

80 

.14 

.06 

.96 

Atomic 
ratio  of 

Ba*** 
solution. 


1.6:1 
2.5:1 
3.2:1 
4.5:1 
1.8:1 
3.1:1 
8.2:1 
8.5:1 
1.8:1 
2.2:1 
3.6:1 
1.9:1 
2.2:1 
2.3:1 
2.0:1 
2.0:1 


«  Tests  by  A.  £.  Wells,  W.  Freeman,  R.  Bohman,  C.  E.  Brandt,  and  V.  P.  Edwardes. 
6  Solution  contained  excess  BaS.- 

0 

Table  6  following  gives  a  brief  summary  of  the  results  obtained 
irom  two  series  of  precipitations  made  by  shaking  in  a  bottle  reduced 
barium  sulphate  containing  70  per  cent  barium  sulphide  with  sulphur 
dioxide  solution.  In  the  first  series  the  material  was  pulverized  to 
100  mesh,  and  in  the  second  was  pulverized  only  to  60  mesh. 

The  other  30  per  cent  of  this  reduced  material  was  barium  oxide, 
barium  carbonate,  barium  sulphate,  and  coke  ash.  Special  tests 
abowed  that  both  the  oxide  and  the  carbonate  reacted  very  slowly 
with  the  dilute  sulphur  dioxide  solution  and  hence  could  not  account 
for  the  rapid  elimination  of  sulphur  dioxide  from  the  solution. 
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Table  6. — RettUtBofpreeivitation  tests  <^  in  wJneh  barium  mdphide  (70  peretnt  BaS,  100 
or  60  mesh)  was  added  to  sulphur  dioxide  solution  containing  no  barivm  $aUs. 


Test  No. 


IH). 
1-1. 
1-2. 
1-3. 
1-4. 
1^. 
3-1. 
2-2. 
3-3. 
3-4. 
3-6. 


BaS  ad- 

SO«p«r liter  in  so- 

SOtper 
literln 
solution 

ded,  per 

cent  of 
theoreti. 

lution  at  end. 

Baper 

liter  in 

solution. 

at  start. 

cal  re- 

Calcu- 

Deter- 

quired. 

lated. 

mined. 

Orams. 

Orams. 

Oramg. 

Chums. 

9.0 

100 

0.00 

6  0.00 

1.62 

9.0 

93 

.63 

.00 

1.56 

9.0 

83 

1.53 

.00 

2.19 

9.0 

72 

2.51 

.00 

2.91 

9.0 

02 

3.42 

.60 

3.69 

9.0 

52 

4.32 

1.52 

4.06 

10.1 

100 

.00 

ft.  00 

(«) 

10.1 

96 

.40 

6.00 

CO 

10.1 

85 

1.50 

.00 

198 

lai 

65 

3.53 

.00 

4.80 

10.1 

53 

4.75 

.15 

6.11 

Atomic 
ratio  of 

solution. 


1.9  : 

2.2  : 
2.66: 
3.12: 
3.02: 
3.10: 

3.3  : 

3.0  : 

3.1  : 


1  1 

1 

1 

1 

1 

1 


Material  used  70  per  cent.  BaS, 
ground  to  100 : 


Material  used  70  per  cent  BaS, 
ground  to  00  mesh. 


a  Tests  by  A.  E.  Wells,  W.  Freeman,  R.  Buhman, 
C.  £.  Brandt,  aud  v.  P.  Edwardes. 


b  Solution  contained 
e  Not  determined. 


BaS. 


SSBIBS  C  PBECIPrrATION  TESTS. 

In  the  Series  C  tests,  powdered  barium  sulphide  was  added  to  sulphur 
dioxide  solution  w^hich  contained  barium  salts  before  precipitation. 
The  results  of  these  tests  can  be  summarized  briefly  by  stating  that 
when  the  sulphur  dioxide  solution  contained  originally  some  barium 
salts^  the  tendency  for  the  f^ee  sulphur  dioxide  in  the  solution  to  react 
immediately  with  the  first  products  of  the  reaction  and  to  dissolve 
them  was  decidedly  less  than  when  the  barium  sulphide  was  added 
to  a  '^ straight''  sulphur  dioxide  solution  containing  no  barium  salts. 

The  tendency  for  the  removal  of  the  sulphur  dioxide  from  the  solu- 
tion by  a  reaction  with  the  first  precipitation  products  was  less  as 
the  barium  concentration  in  the  solution  was  greater. 

With  a  barium  concentration  of  about  10  grams  per  liter,  and  the 
ratio  of  sulphur  to  barium  in  solution  being  3  to  4  atoms  of  S  to  1 
atom  of  Ba,  the  reaction  between  barium  sulphide  and  sulphur 
dioxide  took  place  nearly  according  to  the  theoretical  reaction,  re- 
quiring 2  molecules  of  BaS  to  3  molecules  oT  SO^. 

Unless  there  was  considerable  excess  sulphur  dioxide  in  the  solution, 
the  barium  sulphide  added  reacted  only  with  the  theoretical^  amount 
of  sulphur  dioxide  to  form  thiosulphate  and  sulphur  (2BaSjOj+S). 
However,  with  considerable  excess  sulphur  dioxide  after  the  sulphide 
had  dissolved,  or  with  strong  sulphur  dioxide  solution  before  precipi- 
tation, there  was  a  tendency  for  the  resolution  of  some  of  the  precipi- 
tated barium  salts  and  the  formation  of  soluble  thionates  or  sulphites. 

SSBIBS  D  PBECIPrrATION  TESTS. 

In  the  Series  D  tests,  repeated  precipitations  were  made,,  the  same 
solutions  being  used  throughout  a  test.  This  series  was  in  fact  only 
a  continuation  of  Series  C,  carried  out  with  a  sufficient  number  of 
repeated  precipitations  to  indicate  to  what  extent  the  barium  salts 
would  accumulate  in  the  solution. 
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The  predpitations  were  made. from  solutions  of  about  2  liters  in 
Tolume. 

In  one  set  of  tests,  practically  the  theoretically  required  amount  of 
barium  sulphide  was  added  each  time.  The  amount  of  barium  in  solu- 
tion increased  as  the  number  of  precipitations  until  a  maximum  con- 
t^it  of  about  1 5  grams  of  barium  per  liter  of  solution  was  obtained.  The 
ratio  of  barium  to  sulphur  in  solution  at  this  point  was  approximately 
four  atoms  of  sulphur  to  one  atom  of  barium.  The  specific  gravity 
of  the  solution  was  1.045.  This  solution  was  allowed  to  stand  for 
sereral  days,  when  there  was  a  crystallization  of  some  of  the  bariimi 
salts,  principally  the  thiosulphate. 

Otlier  series  of  cycles  were  run  in  which  at  certain  precipitations 
insufficient  barium  sulphide  was  added,  and  at  other  precipitations 
the  sulphide  was  added  in  excess.  In  these  series,  the  barium  con- 
tent of  the  solution  after  precipitation  was  greater  or  less  according 
to  whether  considerable  excess  sulphur  dioxide  was  in  the  solution 
after  precipitation,  and  according  to  the  rapidity  with  which  the 
material  was  stirred  into  the  solutions. 

In  these  laboratory  cycle  series  the  barium  content  of  the  solution 
never  went  above  18  grams  per  liter,  and  the  ratio  of  sulphur  to 
barium  never  went  above  5  atoms  of  S  to  1  atom  of  Ba. 

The  specific  gravity  of  these  solutions  never  exceeded  1.05.  Table 
7  following  shows  the  results  of  two  tests,  which  are  given  as  exam- 
ples of  the  data  obtained  from  several  tests. 

Tablb  7. — Results  of  Series  D  precipitation  tests, <* 

IRepMtod  pracipitaUooB.) 

TEST  1. 


FndpiteteNo. 

SOiper 

liter  in 

solution 

at  start. 

BaS 
added, 

percent 
of  theo- 
retical 

required. 

SO9  per  liter  in 
solutaon  at  end. 

Baper 

liter  in 

solution. 

Ratio  of 
Ba^" 

SOlutiOD. 

Speciflo 
gravity 

Calcu- 
lated. 

Deter- 
mined. 

of  solu- 
tion. 

(TraiM. 

9.2 
10.0 
10.0 

9.8 

9.0 
10.1 

9.6 
11.6 

9.6 
11.6 
10.2 

9.6 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

'  Or^ms. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Orams. 

0.0 
.2 
.6 
.2 
.0 

.2 
.0 

.2 

.1 

Orarru. 

2.25 

8.90 

6.88 

6.76 

8.10 

9.46 

12.20 

13.40 

15.60 

14.20 

14.80 

16.26 

1.6:1 
2.2:1 
8.0:1 
3.4:1 
4.0:1 
4.6:1 

1.010 

1:^ 

1.020 

« 

1.040 

(0 

1.040 

^l 

12 

1.046 

TEST  2. 


1 

9.6 
10.2 

9.6 
11.6 

9.5 
11.4 

9.0 
16.2 
11.2 
11.2 

60 

100 

80 

96 

80 

118 

140 

60 

100 

100 

4.8 
.0 

1.9 
.6 

1.9 
.0 
.0 

4.8 
.0 
.0 

2.3 

.0 
.0 

.8 

.0 

6.60 
4.80 
8.22 
9.00 
8.10 
7.16 
6.90 
10.10 
9.15 
9.85 

8.1: 

3.0 

3.5; 

3.8  < 

4.1: 

4.0' 

4.0; 

4.6' 

4.6' 

4.5' 

1.016 

2 

(^) 

i 

(n 

4 

b) 

6 

1.020 

e 

(0 

7 

Jo 

8 

<o 

9 

(•■) 

10 

i.oao 

Tests  by  A.  B.  Wells,  W .  Freeman,  R.  Bohman, 
C.  S.  Biandt,  and  V.  P.  Edwardes. 


b  Excess  BaS. 
e  Not  determined. 
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SUMMABY  OF  BBSULTS  OF  TB8TS  IN  SB&IB8  A  TO  D. 

The  small-scale  laboratory  tests  embraced  in  series  A  to  D  indi- 
cated that  the  main  reaction  between  barium  sulphide  and  sulphur 
dioxide  was  2BaS+3SO,»2BaS20,+S.  The  thiosulphate  and  sul- 
phur were  the  main  part  of  the  precipitate/whether  the  sulphide  was 
added  in  solution  or  in  finely  powdered  form. 

When  solution  was  added  to  solution  in  nearly  equivalent  amounts 
there  was  only  a  slight  tendency  for  complex  soluble  thionates,  or 
sulphites,  to  form,  although  a  small  percentage  of  the  thiosulphate 
dissolved  in  the  mother  liquor. 

When  solid  bariimi  sulphide  was  added  to  the  sulphur  dioxide 
solution,  unless  the  solution  already  contained  between  10  and  15 
grams  of  barium  per  liter,  the  SO,  equivalent  per  unit  of  BaS  was 
greater  than  the  theoretical,  this  excess  sulphur  dioxide  consimiption 
being  due  to  the  sulphur  dioxide  reacting  with  the  barium  sulphite, 
or  to  the  thiosulphate  being  precipitated  to  form  complex  soluble 
thionates  or  soluble  sulphites.  This  tendency,  however,  would  not 
be  a  serious  factor  in  practical  work,  as  the  concentration  of  the 
barium  salts  remained  comparatively  low  and  the  maximum  specific 
gravity  of  the  solution  was  about  1.05. 

In  the  tests  it  was  noted  that  the  settling  of  the  precipitate  was 
most  rapid  when  the  solution  was  nearly  neutral  after  precipitation 
and  when  the  specific  gravity  of  the  solution  was  about  1.03. 

LABaS-SOALE  PBBCIPITATIONS. 

The  large-scale  precipitations  were  made  with  the  apparatus  shown 
in  Plate  I,  A  (p.  10). 

Sulphur  dioxide  from  the  furnace  gases  was  absorbed  in  the  tower 
by  the  mother  liquor,  which  was  pumped  to  the  top  of  the  tower  and 
ran  out  at  the  bottom  into  the  tubs,  which  held  70  liters  (18.5  gallons) 
of  solution.  The  sulphur  dioxide  content  of  the  solution  was  deter- 
mined immediately  after  a  tub  had  been  filled,  and  then  a  weighed 
amoimt  of  a  product  from  the  reduction  process,  containing  barium 
sulphide,  was  incorporated  into  the  solution  by  vigorous  stirring  and 
agitation.  This  stirring  was  done  by  hand  with  a  paddle  for  a  period 
of  5  to  10  minutes.  The  precipitate,  in  most  cases  practically  all 
2BaS20,+S,  was  allowed  to  settle,  and  the  mother  liquor  was  then 
siphoned  off  by  a  pump  and  lifted  to  the  top  of  the  tower  for  the 
absorption  of  more  sulphur  dioxide. 

The  precipitate  was  filtered  and  dried,  and  the  sulphur  was  dbtilled 
from  it.  After  distillation  of  the  sulphur,  the  residue  (BaS08  + 
BaSO^)  was  mixed  with  pulverized  coke  and  reduced  in  a  furnace 
to  the  sulphide.  Thus,  in  these  tests  not  only  y^as  the  mother 
hquor  used  in  cycles  but  the  barium  compounds  were  used  repeatedly. 
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In  the  first  cycles,  the  sulphur  dioxide  conaumption  factor  per  unit 
of  reduced  material  was  a  variable,  as  in  the  smaU  laboratory-scale 
precipitation.  After  several  cycles  of  the  mother  Uquor,  when  the 
barium  content  of  the  solution  had  been  built  up  to  8  to  10  grams 
per  liter,  the  sulphur  dioxide  consumption  factor  of  the  reduced 
material  became  more  constant.  The  addition  of  an  insufficient 
amount  of  the  reduced  material  to  take  care  of  the  sulphur  dioxide 
according  to  the  reaction  2BaS +3S0,  resulted  simply  in  the  presence 
of  excess  sulphur  dioxide  after  precipitation.  The  barium  content 
of  the  mother  liquor  was  about  8  grams  per  hter  when  the  solution 
WIS  nearly  neutral  after  precipitation,  but  was  as  high  as  12  grams 
per  liter  when  considerable  excess  sulphur  dioxide  was  present. 

When  the  products  of  reduction  of  previous  precipitates  were  used, 
especially  after  the  barium  compounds  had  been  carried  through 
several  cycles,  it  was  rather  difficult  to  calculate  from  analysis  the 
exact  sulphur  dioxide  equivalent  per  unit  of  reduced  product.  The 
factor  had  to  be  determined  by  trial,  an  approximate  calculated  factor 
being  used  at  the  start.  This  was  due  to  the  fact  that  most  reduc- 
tion products  contained  barium  oxide  and  barium  carbonate,  espe- 
cially after  the  first  few  cycles,  when  the  reductions  were  effected  in  a 
direct-fired  furnace.  Some  of  the  oxide  was  readily  soluble  in  water, 
and  this  reacted  readily  in  the  sulphur  dioxide  solution,  forming 
the  sorbite.  However,  a  considerable  part  of  the  oxide  was  slowly 
sofaiUe.  In  some  products  a  small  proportion  of  the  sulphide  was 
nearly  insoluble. 

The  slowly  soluble  compounds  in  the  reduced  product  reacted 
slowly  with  the  sulphur  dioxide  solutions,  especially  with  the  dilute 
solution  remaining  after  the  greater  part  of  the  sulphur  dioxide 
had  been  removed  by  the  readily  soluble  barium  sulphide.  Most  of 
the  nearly  insoluble  barium  oxide  was  so  insoluble  that  the  first  part 
to  go  into  the  solution  frequently  reacted  with  the  excess  sulphur 
dioxide  to  form  a  soluble  bisulphite,  removing  the  free  sulphur  dioxide 
before  the  rest  of  the  barium  oxide  dissolved. 

However,  when  trial  had  shown  the  sulphur  dioxide  equivalent  of 
the  reduced  product  under  the  conditions  for  precipitation,  there 
was  no  difficulty  experienced  in  causing  the  sulphur  dioxide  to  be 
completely  precipitated  from  the  solution  and  in  keeping  the  barium 
content  of  the  solution  down  to  less  than  10  grams  of  barium  per 
Hter.  For  example,  in  one  series,  the  mother  liquor  was  used 
throughout  58  cycles.  At  the  end  the  solution  contained  7.6  grams  of 
barium  per  liter,  the  ratio  of  sulphur  to  barium  being  equal  to  5.8:1 
and  the  specific  gravity  of  the  solution  being  1.032. 

The  ratio  of  sulphur  to  barium  in  the  mother  liquor  at  times  was 
as  high  as  7  atoms  of  sulphur  to  1  atom  of  barium.  Some  attempts 
were  made  to  determine  the  exact  composition  of  the  barium  salts  in 
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solution  by  causing  crystallization  of  these  salts.  However,  they 
were  unstable,  and  every  attempt  to  evaporate  the  solution  by  heat- 
ing resulted  in  the  precipitation  of  sulphur  and  barium  sulphate,  and 
in  some  tests  in  the  evolution  of  sulphur  dioxide. 

Rhombohedral  crystals  were  obtained  by  cooling  the  solution  to  a 
temperature  sUghtly  below  that  of  precipitation.  These  crystals 
contained  2  atoms  of  sulphur  to  1  atom  of  barium;  corresponding 
to  the  thiosulphate  BaSjO,,  or  to  the  barium  dithionate  BaS^Oe. 

In  these  lai^e^cale  precipitations,  it  was  noted  that  considerable 
heat  was  hberated  in  the  reactions  between  the  solid  barium  sulphide 
and  the  sulphur  dioxide.  Thus,  for  example,  70  liters  of  solution  con- 
taining 9.8  grams  of  SO,  per  Uter,  or  a  total  of  0.680  kilogram  SO,, 
was  precipitated  with  1.7  kilograms  of  reduced  material  containing 
70  per  cent  (1.20  kilograms)  of  BaS.  The  rise  in  temperature  of  the 
solution  was  2.5°  C.  (30.5*'-28*^  C).  The  approximate  heat  liberated 
was  175  kilogram  calories,  or  103  kilogram  calories  per  kilogram  of 
reduced  material. 

PRACTICAL  CONSIDEBATIONS  BEQABDIKa  PRECIPITATION. 

In  practice  the  precipitant  will  have  to  be  incorporated  mechanically 
with  the  solution  as  the  latter  runs  into  the  agitating  tank.  This 
can  be  done,  as  planned  by  the  Thiogen  Co.,  by  pumping  a  part  of 
the  solution  containing  the  sulphur  dioxide  through  an  incorporator 
with  an  adjustable  feed,  and  then  mixing  the  emulsion  and  the  rest 
of  the  solution  through  a  centrifugal  pmnp  discharging  into  an  agi- 
tator. A  skilled  attendant  will  be  required  to  regulate  the  feed  of 
precipitant  to  meet  the  sulphur  dioxide  content  of  the  solution. 
The  precipitant  will  probably  have  to  be  used  in  large  batches  of 
fairly  constant  composition  and  sulphur  dioxide  combining  value,  so 
that  the  regulation  of  feed  can  be  adjusted  without  much  difficulty. 

The  heat  generated  in  the  precipitation  is  of  some  practical  impor- 
tance, as  this  heat  must  be  removed  either  in  the  settling  tank,  or  in 
the  storage  tanks;  otherwise  the  solution  will  become  so  warm  that 
its  absorbent  efficiency  will  be  greatly  decreased. 

SETTLINQ    PRECIPITATE    AND    DECANTING    MOTHER    LIQUOR. 

For  practical  use  the  data  obtained  on  the  settling  of  the  precipitate 
in  the  large-scale  precipitations  in  the  tubs  are  much  more  valuable 
than  those  obtained  in  the  small-scale  laboratory  experiments. 
However,  the  small-scale  experiments  indicated  that  settling  took 
place  most  rapidly  from  a  nearly  neutral  solution,  and  was  slowest 
from  a  solution  containing  excess  barium  sulphide,  thQ^t  is,  an  alksr 
line  solution. 

In  the  large-scale  work  the  precipitations  were  made  about  as  fol- 
lows: Five  tubs  of  70-liter  capacity  each  were  used  for  precipitation 
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and  settling.  Each  tub  was  filled  in  7  to  10  minutes  with  the  mother 
liquor  containing  sulphur  dioxide  running  from  the  towers.  The 
analyses  for  sulphur  dioxide  in  the  solution  and  the  weighing  of  the 
reduced  material  for  precipitation  took  about  two  minutes.  The  soUd 
precipitate  was  then  stirred  vigorously  into  the  solution  for  6  to  8 
minutes  until  the  next  tub  following  was  nearly  filled .  Generally,  this 
tub  was  again  stirred  for  several  minutes  until  the  second  following 
tub  was  nearly  filled  and  was  then  allowed  to  settle.  By  the  time 
the  mother  liquor  of  this  tub  had  to  be  drawn  for  return  to  the  towers, 
about  15  or  20  minutes  later,  the  precipitate  had  almost  completely 
settled,  leaving  a  supernatant  liquor  in  which  there  were  some  flakes 
of  sulphur  floating. 

Thus,  in  these  tests,  a  settling  capacity  equivalent  to  the  volimfie  of 
solution  coming  from  the  towers  in  20  minutes  was  ample  to  allow 
satisfactory  settling. 

When  the  precipitation  was  carried  out  property,  that  is,  when  the 
solid  precipitant  was  stirred  vigorously  into  the  solution  and  the  solu- 
tion after  precipitation  was  nearly  neutral,  about  90  per  cent  of  the 
precipitant  settled  12  inches  to  the  bottom  of  the  tub  within  three 
minutes.  This  settling  was  even  more  rapid  after  a  precipitation  in 
which  a  considerable  part  of  the  soUd  material  added  did  not  react 
with  the  sulphur  dioxide  in  the  solution,  that  is,  was  comparatively 
insoluble. 

The  supernatant  hquor  after  settling  10  minutes  still  contained 
some  light,  flaky  precipitate,  largely  sulphur,  in  most  cases  less  than 
1  per  cent  of  the  total.  This  could  be  handled  without  any  difficulty 
through  the  gear  pumps,  centrifugal  pump,  or  plunger  pump  used  at 
different  times.  This  light  precipitate  did  not  settle  in  the  absorp- 
tion tower,  nor  did  the  amoimt  in  the  mother  liquor  increase  markedly, 
unless,  as  stated  above,  the  solution  became  alkaline. 

The  mother  Uquor  could  be  drained  off  to  the  point  where  the 
residual  precipitated  sludge  contained  not  over  50  per  cent  water. 

FILTRATION  OR  DEWATERINQ  OF  PRECIPITATE. 

In  most  of  the  lai^e-scale  tests  the  precipitated  sludge  was  washed 
or  shoveled  from  the  precipitation  or  settling  tubs  onto  a  canvas  filter 
of  about  0.279  square  meter  (3  square  feet)  area,  imder  which  there 
was  maintained  a  vacumn  of  about  38  centimeters  (IS  inches)  of 
mercury.  Without  a  vacuum  a  cake  about  1  centimeter  (f  inch) 
thick  was  obtained  in  10  minutes.  With  vacuum  a  4-centimeter 
di-inch)  cake  could  be  dewatered  in  2  minutes,  only  about  25  per 
cent  water  being  left  in  the  cake.  With  a  38-centimeter  vacuum, 
a  5-centimeter  (2-inch)  cake  could  be  obtained  easily. 

It  was  found  that  the  precipitate  when  once  settled  should  be 
separated  from  the  supernatant  Uquor  and  filtered  within  a  few 
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hours.  In  several  tests  the  precipitated  sludge  was  allowed  to  stand 
24  to  48  hours  in  contact  with  a  neutral  mother  hquor  solution.  As  a 
result  the  precipitate  became  colloidal  and  slimy  and  offered  serious 
obstacles  to  filtration.  One  particular  lot  of  precipitated  sludge  had 
stood  in  contact  with  the  mother  liquor  for  24  hours.  After  decan- 
tation  it  contained  65  per  cent  water  and  35  per  cent  solids.  An 
attempt  to  filter  this  through  a  Merrill  dry  discharge  press,  with  a 
filtering  area  of  9  square  feet  and  under  an  air  pressure  of  30  to  35 
pounds,  gave  only  a  |-inch  cake  in  1  ^  hours,  the  resultant  cake  con- 
taining 45  per  cent  water. 

However,  when  the  sludge  was  filtered  soon  after  it  had  settled  no 
difficulties  whatever  were  experienced  in  the  operation.  The  water 
content  of  the  cake  was  reduced  to  as  low  as  18  per  cent  in  several 
tests  when  air  was  drawn  through  the  cake  for  4  to  5  minutes  after 
the  greater  part  of  the  water  had  been  removed.  An  average  cake 
contained  20  to  26  per  cent  moisture. 

In  the  dewatering  as  in  the  filtering  operations,  the  rapidity  was 
greater  in  the  case  of  precipitated  sludge  containing  other  barium 
compounds  than  the  precipitate;  that  is,  the  barium  compounds 
that  did  not  react  with  the  sulphur  dioxide. 

The  conclusions  from  all  the  work  on  filtering  the  precipitate  were 
that  if  filtration  was  accomplished  soon  after  settling  no  difBculty 
should  be  experienced  in  reducing  the  moisture  to  about  25  per 
cent.  Standard  dewatering  apparatus,  for  example,  an  Oliver  filter 
or  a  Merrill  or  a  Kelly  press,  would  be  satisfactory. 

DRYING  PRECIPITATE. 

A  drjdng  plate  having  an  area  of  about  7.5  square  meters  (25 
square  feet)  was  built  of  1-centimeter  (|-inch)  iron  plates.  These 
plates  were  placed  about  2.5  centimeters  (5  inches)  above  the  floor 
and  gas  burned  beneath.  The  sides  of  this  drying  oven  were  of 
brick.  The  precipitate  was  stirred  frequently  and  evaporation  was 
assisted  by  blowing  air  over  the  surface.  It  was  necessary  to  pre- 
vent the  material  from  getting  too  hot  locally,  for  in  that  event  the 
sulphur  started  to  distill  and  bum.  It  was  noted  that  there  was  a 
slight  distillation  of  sulphur  even  at  1 10®  C. 

In  the  product  from  this  dry  plate  6  to  25  per  cent  of  the  total 
barium  was  present  as  sulphite,  40  to  85  per  cent  as  thiosulphate, 
and  7  to  34  per  cent  as  sulphate.  The  product  contained  6  to  10 
per  cent  elemental  sulphur.  It  was  not  necessary  to  regrind  the 
dried  precipitate  before  distillation. 

In  practice,  drying  would  undoubtedly  be  best  accomplished  by 
steam  coils,  or  by  a  special  type  of  muffle  furnace  in  which  there 
would  be  no  danger  of  local  overheating,  with  attendant  loss  of  sul- 
phur. 
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DISTILLATION  AND  RECOVERY  OF  SULPHUR. 

In  the  tests  it  was  determined  that  by  heating  the  dried  precipi- 
tate in  a  retort  to  450*^  to  460®  C.  all  the  elemental  sulphur  as  well 
as  one-half  the  sulphur  in  the  barium  thiosulphate  could  be  distilled. 

Only  in  the  small  laboratory  experiments  was  the  sulphur  distilled 
and  condensed  under  such  conditions  that  the  sulphur  was  completely 
recovered  and  a  quantitative  sulphur  balance  obtained. 

In  the  laboratory  tests  distillations  were  effected  in  glass  retorts 
placed  in  an  electrically  heated  furnace  and  the  sulphur  was  recovered 
in  glass  condensers.  In  most  cases  there  was  a  slow  stream  of  nitro- 
gen or  sulphur  dioxide  passed  through  the  retort  into  the  con- 
denser to  remove  the  sulphur  vapors. 

In  the  distillation  tests  the  sulphur  began  to  distill  rapidly  at  180® 
C,  and  from  that  temperature  up  to  450®  C,  the  boiUng  point  of  sul- 
phur, the  rate  of  distillation  depended  on  the  temperature  and  the 
rapidity  with  which  the  vapors  were  removed  from  the  retort. 

In  all  cases,  whether  the  precipitate  was  almost  entirely 
(2BaS,0,+S)  or  whether  considerable  (2BaS03  +  3S)  was  also 
present,  the  sulphur  was  rapidly  and  completely  distilled  at  450®  C. 
The  condensed  sulphur  was  practically  pure. 

The  residual  product  from  the  distillation  was  barium  sulphite, 
sulphate,  and  in  some  cases  a  small  amount  of  sulphide.  Even  when 
special  care  was  taken  to  exclude  air  from  the  retort  there  was  some 
slight  oxidation  of  the  sulphite  to  sulphate.  Sometimes,  when  air 
was  not  completely  removed  or  when  air  could  get  in  contact  with 
the  hot  residue  after  removal  of  the  sulphur  vapors,  considerable 
sulphate  formed. 

AJbo,  when  the  material  was  heated  to  a  temperature  higher  than 
450®  C  there  was  some  conversion  of  the  sulphite  to  sulphide  and 
sulphate  according  to  the  equation:  4BaSOs'"BaS+3BaS04.  In 
one  product  frpm  a  distillation  at  600®  C,  6  per  cent  of  the  barium 
was  present  as  sulphide. 

In  the  large-scale  experiments,  different  methods  for  the  dis- 
tOlatioQ  and  condensation  of  the  sulphiu'  vapors  were  tried  in  a  rough 
way,  but  no  apparatus  was  btdlt  that  gave  complete  recovery  of  the 
sulphur.  Flowers  of  sulphtu*,  or  rubber-like  modifications  were 
obtained  according  as  the  vapors  were  allowed  to  condense  slowly, 
or  cooled  quickly  by  precipitation  on  chilled  siirfaces.  A  discussion 
of  the  various  methods  use^  is  not  considered  necessary  as  giving 
any  data  worth  recording. 

In  order  to  effect  a  rapid  distillation  of  the  sulphur,  the  mass  had 
to  be  Btured  or  agitated.  Besides  allowing  the  vapors  to  escape 
readily,  the  agitation  prevented  the  mass  from  balling  or  caking. 

Most  distillations  were  condensed  in  an  iron  kettle  placed  in  a  brick 
furnace  fired  by  gas.    The  temperatmre  was  measured  in  the  mass 
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being  distilled.  By  allowing  sulphur  vapors  to  btim  a  short  distance 
above  the  material  under  treatment,  the  material  was  kept  out  of 
contact  with  the  air.  Other  distillations  were  made  in  a  6-inch  iron 
pipe,  which  was  rapidly  revolved  in  a  brick  furnace.  In  .these  dis- 
tillations the  sulphur  vapors  were  condensed  in  an  iron  cylinder. 
The  residual  products  were  barium  sulphite  and  sulphate,  no  thio- 
sulphate  being  present.  In  the  products  of  the  cyclic  operations 
there  was  also  the  oxide  and  the  carbonate  that  had  not  reacted  with 
the  sulphur  dioxide. 

Some  of  the  products  contained  as  much  as  50  per  cent  of  the 
barium  as  sulphate;  others  only  about  10  per  cent.  In  practical 
operations  it  would  probably  be  safe  to  figure  that  30  to  40  per 
cent  of  the  bariimi  in  the  product  would  be  present  as  sulphate,  and 
the  rest  as  sulphite,  except  2  or  3  per  cent  as  sulphide. 

The  product  was  pulverized,  and  was  readily  mixed  with  pul- 
verized coke  for  the  subsequent  reduction. 

.  The  tests  indicated  that  in  practice  the  distillation  of  the  sulphur 
from  the  dried  precipitate  consisting  of  either  (2BaS,03+S)  or 
(2BaS03+3S)  should  give  no  difficulty.  Necessarily,  the  furnace  for 
distillation  must  be  heated  externally  and  be  provided  with  ap- 
paratus for  stirring  the  charge.  For  quickly  removing  the  sulphur 
vapors  from  the  distillation  furnace,  it  would  be  advisable  to  keep 
a  current  of  sulphur  dioxide  gas  circulating  through  the  distillation 
furnace  into  the  condensation  chamber. 

R'EDUCTION. 

Reduction  of  the  barium  sulphite  and  the  barium  sulphate  was 
recognized  at  the  beginning  of  the  study  of  the  Thiogen  process, 
as  being  probably  the  most  important  factor  in  the  whole  process. 

In  answer  to  several  inquiries  concerning  what  was  being  accom- 
plished at  the  present  time  in  the  reduction  of  barium  sulphate  at 
various  plants  where  barium  salts  were  being  manufactured  from 
barium  sulphate,  the  information  was  gained  that  although  80  or 
85  per  cent  of  the  barium  was  readily  reduced  to  acid-soluble  com- 
pounds, yet  cturent  practices  rarely  reduced  more  than  60  or  70 
per  cent  of  the  bariiun  to  water-soluble  barium  sulphide. 

Information  gained  from  the  hterature  ^  showed  that  it  was  diffi- 
cult to  reduce  more  than  80  per  cent  of  the  barium  to  the  sulphide, 
and  that  a  70  per  cent  reduction  was.  more  often  the  best  result 
obtained  in  practice. 

In  order  that  the  barium  shall  be.  efficient  as  a  precipitant  during 
the  Thiogen  process  cycles,  the  maximum  reduction  of  the  sulphite 

a  Ftasler,  Schuyler,  Calcining  plant  for  barium  sulphate:  Min.  Ind.,  vol.  19,  pp.  71-73;  Fay,  A.  N., 
Roasting  harytes:  Min.  Ind.,  vol.  19,  pp.  73-75;  Toch,  Maximilian,  The  harhim  Industry  in  the  United 
States  since  the  European  Wan  Met.  and  Chem.  £ng.,  vol.  14,  January,  1916,  pp.  47-49. 
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or  the  sulphate  to  the  water-soluble  sulphide  must  be  attamed  in 
each  cycle.  Thus,  it  was  necessary  to  determine  the  conditions 
under  which  the  bariimi  sulphite  or  sulphate  was  reduced  most 
completely  to  the  sulphide,  and  Qonsiderable  experimental  work 
Eas  been  conducted  on  that  problem.  As  barium  sulphate  must 
be  used  at  the  start  m  the  mitial  reduction,  and  was  present  to  a 
large  extent  in  all  precipitates  after  distillation,  and  also  as  this 
material  cotdd  be  obtained  in  quantities  much  more  readily  than  the 
sulphite,  the  greater  part  of  the  investigations  dealt  with  the  re- 
duction of  the  sulphate. 

Before  beginiiing  the  discussion  of  the  several  series  of  reduction 
tests,  it  is  advisable  to  discuss  briefly  the  character  of  the  products 
obtained,  and  the  manner  in  which  these  products  are  classified  in 
this  discussion.  The  barium  compoimds  found  in  the  reduced 
products  were  as  follows: 

1.  Compounds  readily  soluble  in  hot  water — 

BaS,  BaS^,  and  BaO. 

2.  Compounds  difficultly  soluble  in  hot  water  but  readily  soluble 
in  dilute  hydrochloric  acid — 

BaO,  BaCO,,  BaSiOj,  BaS,  and  BaSO,. 

3.  Compoimds  insoluble  in  acid — 

BaSO,. 

DETBBXmATIOK  OF  WATEB-SOLTTBLE  BABIUK . 

r 

The  reduced  product,  ground  to  lOO-mesh,  was  leached  in  a  flask 
with  260  parts  of  water,  which  was  just  below  the  boiling  point  and 
filtered  into  a  flask  which  was  tightly  stoppered  while  the  solution 
was  cooling.  An  aliquot  part  of  the  solution  was  then  titrated  with 
iodine,  and  in  another  ahquot  part,  barium  and  sulphm:  were  deter- 
mined. As  a  check  for  the  iodine  value,  that  is,  the  barium  sulphide 
content,  the  material  was  frequently  treated  directly  in  a  flask  with 
excess  iodine  for  about  five  minutes,  and  then  the  excess  iodine  was 
determined.  In  many  cases  excess  barium  hydroxide  was  present 
in  the  water  solution.  In  other  products  there  was  a  slight 
excess  of  sulphur  over  that  required  for  the  barium  to  form 
sulphide,  indicating  a  polysulphide.  In  several  products  of  reduc- 
tk^DS  at  high  temperatures,  1050"*  to  1200°  C,  and  m  which  excess 
carbon  was  present,  the  presence  of  the  carbide  was  indicated,  but 
was  not  determined  quantitatively. 

TtkJtrrrur  COXPOtJKDS  SIiOWLY  80LUBLB  OB  INSOLUBLB  IN  HOT 
WATBB,  BT7T  BBADILY  80LUBLB  IN  DrLXJTB  AOID. 

In  many  products  from  the  first  reduction,  a  large  part  of  the  oxide 
present  was  slowly  soluble  in  hot  water,  but  was  readily  soluble  in 
dHate  hydrochloric  add. 

71284*— 17 8 
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In  most  of  the  products  of  the  reductions  that  were  effected  in  a 
direct-fired  furnace  at  high  temperatures,  and  in  which  slight  sintering 
had  taken  place,  a  small  amount  of  the  sulphide  was  found  in  the 
water-insoluble  part.  In  some  products  4  to  6  per  cent  of  the  total 
sulphide  was  found  to  be  slowly  soluble  in  water.  The  solubility 
of  this  material  was  increased  somewhat  by  finer  grinding.  The 
insolubility  of  this  part  of  the  sulphide  was  due  probably  to  its  being 
covered  with  a  film  of  the  oxide.  In  a  typical  average  product  from 
the  first  reduction  of  barium  sulphate  97  per  cent  of  the  sulphide  and 
40  per  oent  of  the  oxide  was  readily  soluble  in  hot  water,  the  rest 
being  found  in  the  acid-soluble  part. 

In  this  water-insoluble  but  acid-soluble  part  was  also  found  the 
oarbonate  in  varying  amounts.  The  products  from  slow  reductions 
at  low  temperatures  contained  more  carbonate  than  did  the  products 
from  rapid  reductions  at  high  temperatures. 

Few  products  contained  more  than  a  trace  of  the  sulphite  or  the 
thionates. 

These  insoluble  barium  products  reacted  very  slowly  with  the 
sulphur  dioxide  in  the  dilute  solutions.  Thus,  in  certain  cycles 
described  later  the  proportion  of  these  compounds  increased  to  the 
point  that  over  40  per  cent  of  the  total  barium  was  present  in  the 
form  of  soluble  or  insoluble  oxide  and  insoluble  carbonate.  For 
example,  as  an  extreme  case,  in  the  reduced  product  from  the  fourth 
cycle  of  one  series  of  cyclic  operations  the  barium  compounds  were 
found  to  be  soluble  to  the  extent  shown  below.  These  barium  com- 
pounds were  first  pulverized  to  100  mesh  and  then  leached  in  a  flask 
with  250  parts  of  hot  water,  subsequent  leaching  being  made  in  a 
beaker. 

Results  of  leaching  tests  of  barium  compaunds.f^ 


Material. 


A.  Soluble  prodiicU  in  solution  obtained  by  leaching  pulverized  barium  com- 

pounoB  with  3S0  parts  of  hot  water  for  15  minutes 

B.  Soluble  products  obtained  by  leaching  residue  from  A  with  250  parts  of  hot 

water  for  2  hours 

C.  Soluble  products  obtained  by  leaching  residue  from  B  with  boiling  water  for  10 

hours 

D.  Soluble  products  obtained  by  leaching  residue  from  C  with  l)oiIing  water  for  12 

hours 

Total  soluble  products  from  solutions  B,  C,  and  D  (24  hours'  leaching). 

E.  Soluble  products  obtafaied  by  leaching  residue  from  D  with  dihite  HCl 

r.  Insoluble  residue  in  dilute  HCl  solution  (E ) 

»  II.. — ^  ^-1^.— — —  -  ^ — 

0  Tests  by  K.  Buhman  and  V.  r.  Edwardes. 


Barium 
compound. 


/BaS 
\Ba0, 


BaS+BaO. 
BaS+BaO . 

BaS+BaO. 

/BaS 

\BaO 

BaO,BaCOt 

andBaSiOt 
BaSO«.... 


Barium 
reoov<eredy 
percent- 
age of 
total 
bar  lam 
content  in 
original 
material. 


8^.3 
34.9 

4.2 

8.0 

6.2 

3.9 

14.5 

8.6 
9.8 
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BBsnx/rs  OF  bedxtction  tests. 

The  reduction  tests  were  divided  into  five  series,  designated  series 
1  to  5,  and  the  results  are  here  considered  under  each  series  heading. 

SEBIES   1  TESTS. 

In  the  Series  1  tests  were  embraced  tests  to  determine  the  relative 
rates  of  reduction  of  barium  sulphate  by  hydrogen,  carbon  monoxide, 
and  a  mixture  of  these  gases  with  other  h^'drocarbons  at  different 
temperatures.  In  the  tests  precipitated  bariiun  sulphate  (99+ per 
cent  BaSO^)  was  placed  in  a  quartz  tube  of  about  12  mm.  (0.47  inch) 
diameter,  and  heated  in  an  electrically  heated  tube  furnace.  The 
barium  sulphate  was  placed  between  two  asbestos  plugs,  filling  the 
tube  for  a  distance  of  about  30  mm.  (1.18  inches),  but  was  sufiiciently 
loose  to  aBow  the  passage  of  gases  through  the  material.  The  gases 
were  passed  through  the  tube  at  the  rate  of  about  2  c.  c.  per  minute. 
The  temperature  range  was  between  600°  and  1,060°  C.  The 
data  obtained  probably  did  not  represent  the  chemical  equilibrium  at 
any  temperature.  The  comparative  rate  of  reaction  at  different 
temperatures  was  obtained,  however,  as  were  data  concerning  the 
character  of  the  gaseous  products. 

REDUCTION   WITH  HYDROGEN. 

When  hydrogen  was  used  as  the  reducing  agent  there  was  prac- 
ticallj^  no  reaction  at  any  temperature  below  550°  C.  -iVround 
600°  C-  the  reaction  was  extremely  slow,  less  than  5  per  cent  of  the 
hydrogen  that  passed  through  the  plug  reacting.  The  gaseous 
product  contained  considerable  hydrogen  sulphide.  At  650°  C. 
about  15  per  cent  of  the  hydrogen  reacted.  At  700°  C.  about  35 
per  cent  reacted.  Between  600°  and  700°  C.  the  amount  of  hydrogen 
sulphide  formed  was  a  maximum.  At  800°  C.  practically  all  the 
hydrogen  had  reacted  and  little  hydrogen  sulphide  was  present  in  the 
gaseous  product.  In  general,  these  data  checked  those  of  a  previous 
inv^tigation.* 

In  the  products  from  these  reductions  with  hydrogen  the  ratio  of 
sulphur  to  barium  was  less  than  one  atom  of  sulphur  to  one  atom  of 
barium. 

If  the  reductions  were  effected  slowly  at  lower  temperatures, 
that  is,  between  600°  and  750°  C,  the  loss  of  sulphur  was  greater 
than  if  the  reductions  were  effected  more  rapidly  at  a  higher  tempera- 
ture, as  between  900°  and  1,000°  C.  In  one  test  lasting  for  an  hour 
at  1,000°  C.  94  per  cent  of  the  sulphate  was  reduced  to  sulphide  and  6 
per  cent  to  oxide.  This  was  the  maximum  reduction  obtained  with 
the  use  of  hydrogen. 


«  MaiiDo,  I.  h.,  (Tedmical  preparation  of  boritel:  Am.  Chem.  Soc.  A\)3.,  vol.  7, 1913,  p.  3202;  f  Redaction 
otaulplate  of  aUnUne  earttis  with  varioas  gases]:  Qau.  Chim.  Ital.,  vol.  43»  pp.  41&-22 
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In  some  correlated  tests  it  was  found  that  between  700°  and  900° 
C.  water  vapor  reacts  slowly  with  barium  sulphide,  forming  sulphur 
dioxide,  hydrogen  sulphide,  and  bariimi  oxide.  For  example, 
through  a  reduced  product  of  about  20-mesh  size,  containing  89  i>er 
cent  of  the  barium  as  sulphide,  7  per  cent  as  oxide  and  carbonate, 
and  4  per  cent  as  sulphate,  was  passed  at  900°  C.  a  mixture  of 
about  16  per  cent  water  vapor  and  84  per  cent  nitrogen.  About  1 
per  cent  of  the  water  vapor  reacted,  forming  nearly  two  voliunes  of 
sulphur  dioxide  per  volume  of  hydrogen  sulphide.  The  reaction 
between  water  vapor  and  barium  sulphide  at  other  temperatures  was 
not  determined. 

REDUCTION   WrPH   CARBON   MONOXIDE. 

With  carbon  monoxide  the  reduction  was  slow  below  650°  C.  and 
was  fairly  rapid  at  750°  C,  about  70  per  cent  of  the  carbon  monoxide 
reacting.  With  temperatures  up  to  900°  C,  how^ever,  there  was 
present  in  the  gaseous  product  some  unconsumed  carbon  monoxide. 
Above  that  temperature  the  gaseous  product  was  almost  entirely 
carbon  dioxide.  In  these  reduced  products  the  ratio  of  sulphur  to 
barimn  was  slightly  less  than  1  to  1,  showing  that  some  sulphur  had 
been  removed  in  the  gaseous  products. 

In  this  series,  as  in  tests  with  hydrogen  as  the  reducing  gas,  the 
loss  of  sulphur  was  less  when  reduction  was  effected  rapidly  at 
higher  temperatures,  that  is,  above  900°  C,  than  when  effected 
slowly  at  lower  temperatures.  Thus  the  products  of  reduction 
effected  rapidly  at  high  temperatures  contained  the  smaller  per- 
centages of  water-insoluble  barium  oxide. 

REDUCTION H   WITH   CITY   GAS. 

In  a  series  of  20  reductions  an  excess  of  city  gas  of  approximately 
the  following  composition  was  passed  at  the  rate  of  2  c.  c.  per  minute 
through  the  charge  in  the  quartz  tube: 

Composition  of  city  gaa  used  in  reduction  experiments. 

Per  cent. 

Methane  (CH4) 6. 4 

Ethane  (CaHc) 30.4 

'  Hydrogen  (H) 41. 4 

Carbon  monoxide  (CO) 13. 4 

Carbon  dioxide  (CO2) 4. 0 

Nitrogen  (N) 4. 2 

Oxygen  (0) 2 

The  results  of  the  experiments  are  given  in  Table  8  following: 
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Table  8. — Results  of  tests  involving  reduction  of  precipitated  BaSO^  by  city  gas  in  quartz 

tube,  externally  heated,<^ 


% 

Per  cent  o(  total  Ba 

in  product 

1 
Temperature. 

Time. 

present  as— 

Water- 

Water- 
Insoluble, 

Acid- 
insoluble 
BaSO«. 

soluble 

BaSand 

BaO. 

acid- 
soluble 
BaO  and 



BaCOi. 

•c. 

Minuter. 

650-    700 

60 

2.5 

4.0 

98.5 

240 

58.0 

15.8 

26.2 

330 

72.5 

18.2 

9.3 

700-    750 

60 

8.5 

6.8 

.    84.7 

240 

75.0 

13.8 

11.2 

750-    800 

60 

20.6 

8.4 

71.0 

240 

88.2 

11.0 

0.8 

800-    850 

60 

50.8 

7.8 

41.4 

340 

91.5 

8.3 

0.2 

850-    900 

eo 

65.5 

6.8 

37.7 

240 

01.8 

8.0 

0.2 

90O-    950 

60 

05.2 

6.2 

28.6 

120 

85.0 

7.3 

7.7 

240 

92.5 

7.5 

0.0 

950-1,000 

60 

74.7 

4.8 

20.5 

120 

91.5 

6.5 

2.0 

240 

93.2 

6.8 

0.0 

1,000-1,050 

60 

85.2 

5.0 

9.8 

120 

92.0 

6.5 

1.5 

240 

93.0 

7.0 

0.0 

a  Teats  by  W.  Freeman,  R.  Buhman,  C.  E.  Brandt,  and  V.  P.  Edwardes. 

The  results  presented  in  the  preceding  table  indicate  that  in  the 
tests  in  which  city  gas  was  used  the  percentage  of  barium  in  the 
product  present  in  water-insoluble,  acid-soluble  compounds  was  less 
when  reductions  were  effected  in  a  short  period  of  time  at  tempera- 
tures above  900^  C.  than  if  effected  over  a  longer  period  of  time  at 
lower  temperatures.  For  example,  the  products  obtained  when  the 
material  was  treated  for  330  minutes  at  650®  to  700®  C.  should  be 
compared  with  the  products  obtained  in  a  reduction  at  1,000®  to 
1,050®  C,  lasting  only  60  minutes. 

It  is  also  evident  that  any  tendency  for  a  reaction  between  the 
reducing  gases  and  the  sulphide,  resulting  in  the  formation  of  water- 
insoluble  barium  compotmds,  is  slight.  For  example,  the  proportion 
of  these  compounds  in  the  products  of  reductions  at  900®  to  1,050®  C. 
for  60,  120,  and  240  minutes  should  be  compared. 

SERIES   2  TESTS. 

In  the  Series  2  tests  barium  sulphate  was  reduced  by  carbon. 
Finely  pulverized  carbon,  either  coke  or  charcoal,  was  intimately 
mixed  with  the  barium  sulphate  and  heated  for  varying  periods  of 
time  at  different  temperatures  in  crucibles  or  tubes  placed  in  muffle 
furnaces. 

The  theoretical  amount  of  carbon  required  for  the  reduction  is  10.3 
per  cent  of  the  weight  of  BaS04  if  the  carbon  is  completely  oxidized 
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to  the  dioxide,  or  is  20.6  per  cent,  if  the  carbon  is  oxidized  only  to  the 
monoxide.  In  tiie  tests  the  carbon  added  varied  between  10  and  40 
per  cent  of  the  BaSO^. 

The  temperature  range  was  between  700°  and  1,250**  C.  The  time 
allowed  for  reduction  varied  between  15  and  360  minutes. 

In  all  but  a  few  of  the  tests,  in  which  the  time  allowed  for  reduction 
was  an  hoiu:  or  more,  the  mixtures,  weighing  50  to  100  grams,  were 
placed  in  10-gram  or  20-gram  fire-clay  crucibles  and  heated  in  a 
muffle  furnace.  The  muffle  had  been  heated  to  the  required  tern- 
perature  before  the  crucibles  were  placed  in  it,  and  thus  the  crucibles 
and  their  contents  were  heated  quickly.  When  the  time  allowed  for 
reduction  was  less  than  one  hom*  it  was  rather  difficult  to  get  satis- 
factorily concordant  data  with  tins  size  of  chaise  and  method  of 
heating.  In  order  to  reduce  the  heating  period  to  a  minimum,  these 
reductions  were  made  with  much  smaller  charges,  5  to  10  grams,  and 
were  effected  in  porcelain  crucibles. 

In  the  data  following  most  of  the  temperatures  recorded  are  the 
temperatures  measured  near  the  crucibles  during  the  period  of  reduc- 
tion. Several  temperatures,  however,  were  measured  in  the  charge 
itself,  after  the  charge  had  come  to  the  temperature  of  the  muffle. 
In  the  tests,  care  was  taken  to  have  the  heating  of  the  muffle  so  regu- 
lated that  the  temperature  did  not  vary  more  than  15°  or  20°  C. 
either  way  from  that  desired.  Thus,  in  the  tables  following,  if  the 
temperature  is  given  as  700°  C,  the  temperature  was  in  reality 
between  680°  and  720°  C,  which  was  sufficiently  close  for  the  pur- 
poses of  the  investigations. 

In  making  these  reductions,  it  was  very  important  as  nearly  as 
possible  to  keep  the  air  from  coming  into  contact  with  the  material. 
Thus,  the  crucibles  were  covered  with  a  clay  cover  ground  to  fit  the 
crucibles.  In  some  tests  a  charcoal  cover  about  2  mm.  (0.04  inch) 
thick  was  placed  on  the  charge.  Even  with  the  tight  covering,  in 
some  of  the  tests  there  was  a  slight  reversion  of  the  sulphide  back  to 
the  sulphate,  owing  possibly  to  a  slight  porosity  of  the  crucible  walls 
allowing  air  to  pass  through.  Some  of  the  data  concerning  this 
reversion  are  given  later. 

TABULATED  BESULT9  OF  TEST8. 

In  Tables  9  and  10  following  are  summarized  the  results  of  76  tests 
made  under  conditions  that  were  closely  similar,  so  that  the  results 
are  comparable.  In  these  tests,  the  carbon  added  was  20.6  per  cent 
of  the  weight  of  the  barium  sulphate.  The  barium  sulphate  used  was 
the  precipitated  material.  The  carbon  was  pulverized  to  pass  a 
160-mesh  screen,  and  was  mixed  with  sulphate  to  the  degree  that,  to 
the  eye,  the  mixture  looked  homogeneous. 
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The  variables  were  the  time  allowed  for  reduction  and  the  tem- 
perature. Many  of  the  figures  given  in  the  tables  are  tlio  averages  of 
several  determinations  that  in  most  cases  gave  concordant  results. 

Table  9.— Results  of  reduction  tests  of  barium  sulphate  showing  total  barium  in  reduced 

product  inform  of  waUr^Boluhls  barium  sulphide.^ 


Time 
allowed  for 
reduction. 

Per  oent  of  total  baritim  present  in  redoced  product  as  wster-ioluble  barium 

sulphide  at  temperature  of— 

700*  C. 

750*0. 

SCO*  C. 

850*  C. 

900*  C. 

950*  C. 

1000*  to 
1100*  C. 

75 
84 
96 

1100*  to 
1200*  C. 

MinuttM. 
15 

48 
65 
85 
87 
88 

96 
97 

30 

60 

90 

120 

210 

360 

12 
26 

28 
41 
65 
77 

29 
35 
55 
SO 
7S 

51 
61 
63 
68 

82 

58 
09 
78 

85 
86 

76 
89 
92 
95 

::::::::::::::::::::i 

a  Tests  by  W.  Freeman,  R.  Buhman,  C.  E.  Brandt,  and  V.  P.  Edwardes. 

Table  10. — Results  of  reduction  tests  of  barium  sulphate  showing  total  barium  in  reduced 
product  in  compounds  soluble  in  dilute  hydrochloric  acid,^ 


Time 
anowed  for 
reduction. 

Per  cent  of  total  barium  present  In  reduced  product  as  compounds  soluble  in  dilute 

hydrochloric  acid  at  temperature  of— 

700*  C. 

750*0. 

800*0. 

850*0. 

900*0. 

950*0. 

1000*  to 
1100*  0. 

80 

80 

100 

1050*  to 
1150*0. 

Miimta. 

15 

30 

00 

90 

120 

240 

300 

54 
72 
94 
97 
99 

98 
100 

21 
37 
40 
54 
80 
93 

38 
47 
60 
73 
93 

67 
70 
75 
85 
98 

65 
78 
87 
•4 
OR 

80 

•4 

97 

100 

1 

a  Tests  by  W.  Freeman,  R.  Buhman,  C.  E.  Brandt,  and  V.  P.  Edwardes. 

It  is  to  be  noted  that  there  is  less  difference  between  the  percentage 
of  the  barium  present  in  acid-soluble  compounds  and  that  present  as 
wat€r-soluble  barium  sulphide  in  the  products  of  reduction  effected 
at  higher^temperatures  for  a  short  period  of  time,  than  in  products 
from  reductions  at  lower  temperatures  over  longer  periods. 

Most  of  the  products  from  the  76  reduction  tests  summarized  above 
contained  excess  carbon.  Other  series  of  tests  were  made  to  deter- 
mine to  what  extent  a  decrease  in  the  amount  of  carbon  present  in 
the  charge  affected  the  reduction. 

When  the  tests  were  made  with  a  porcelain  crucible  fitted  with  an 
ordinary  porcelain  cover,  there  was  frequently  sufficient  air  leaking 
into  the  crucible  to  allow  cither  burning  of  a  small  percentage  of  the 
carbon,  or  reoxidization  of  a  small  amount  of  the  reduced  sulphide 
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which  thus  became  sulphate.  As  the  data  from  these  tests  were, 
therefore,  not  entirely  accurate,  they  are  not  presented  here. 

Similar  reductions  were  repeated  in  porcelain  crucibles,  when  a 
light  layer  of  carbon  was  placed  on  top  of  the  charge  and  other  pre- 
cautions were  taken  to  keep  the  air  from  coming  into  contact  with 
the  charge  during  cooling,  etc.  Although  it  was  determined  that 
the  carbon  cover  did  have  some  slight  reducing  action  on  the  charge, 
yet  it  was  decided  that  the  data  obtained  were  sufficiently  accurate 
for  recording  in  this  report,  and  they  are  given  in  Table  4  following. 

Later  reduction  tests,  effected  in  an  atmosphere  of  nitrogen,  which 
was  neither  oxidizing  or  reducing,  gave  results  that  checked  the 
above  data  fairly  closely. 

Table  11. — Rettdts  of  testa  involving  reduction  of  barium  sulphate  at  different  tempera^ 
tures  in  porcelain  crucibles  with  variable  amounts  of  carbon.  <^ 


Per  cent  of  total  Ba  in  prod- 

Farts  of 

Parts  of 

uct,  present  in— 

carbon  ooQ- 

Tempera- 
ture. 

Time. 

carbon  per 

100  parts  of 

barium 

sulphate. 

Per  cent  of 
total  carbon 
consumed. 

sumedto 
100  parts  of 

BaS04 

reduced  to 

BaS. 

BaS. 

Acid-solu- 
ble com* 
pounds. 

la^uble 
compounds. 

•  C. 

MinuteB. 

800 

00 

10.5 

50 

58 

42 

69 

14.5 

800 

60 

21.0 

51 

56 

44 

49 

20.2 

800 

120 

10.5 

62 

70 

30 

83 

14.2 

800 

120 

21.0 

66 

65 

32 

65 

20.5 

850 

60 

10.5 

66 

70 

30 

86 

13.2 

850 

60 

15.5 

60 

65 

35 

65 

16.8 

850 

60 

20.5 

60 

70 

30 

58 

19.8 

850 

120 

10.3 

78 

85 

15 

97 

12.9 

850 

120 

15.5 

76 

82 

18 

84 

17.0 

850 

120 

20.6 

74 

80 

20 

70 

19.4 

900 

60 

10.3 

80 

85 

15 

100 

12.9 

900 

60 

15.5 

81 

83 

17 

87 

16.7 

900 

60 

20.6 

76 

I               ^ 

20 

72 

19.4 

900 

120 

10.3 

80 

^               86 

14 

100 

12.9 

900 

120 

15.5 

84 

90 

10 

89 

16.5 

900 

120 

20.6 

83 

87 

13 

ao 

19.8 

950 

30 

10.3 

80 

83 

17 

iro 

12.6 

950 

30 

20.6 

S4 

87 

13 

78 

19.0 

950 
950 

60 
60 

40.0 
10.3 

78 
94 

79 
97 

21 
3 

59 
100 

ii's* 

050 

60 

20.6 

95 

96 

4 

93 

20.2 

950 

60 

30.0 

82 

82 

18 

61 

23.4 

1,050 

30 

10.3 

82 

86 

14 

100 

bll.2 

1,050 

30 

15.5 

96 

98 

2 

100 

16.1 

1,050 

30 

20.6 

95 

96 

4 

89 

18.7 

1,160 

20 

10.3 

90 

90 

10 

100 

11.5 

1,150 

20 

15.5 

99 

99 

1 

100 

15.6 

1,150 

20 

20.6 

99 

100 

0 

90 

18.2 

a  Tests  by  W.  Freeman,  R.  Buhman,'C.  E.  Brandt,  and  V.  P.  Edwardes. 

b  This  factor  may  be  slightly  low,  o«4ng  to  a  slight  reducing  action  of  the  carbon  oover« 

« 

In  another  set  of  reduction  tests  the  barium  sulphate  was  mixed 
intimately  with  finely  pulverized  carbon  and  placed  in  a  porcel&iu 
tube  in  an  electrically  heated  tube  furnace.  The  tube  was  filled 
with  nitrogen  gas  at  the  starts  and  the  gases  evolved  were  discharged 
through  a  water  seal  or  into  caustic-potash  solutions.  Thus  neither 
oxygen  nor  any  reducing  gases  other  than  the  carbon  monoxide  from 
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the  carbon  came  in  contact  with  the  barium  stiiphate.     The  results 
are  given  in  Table  12  foDowing: 

Table  12. — EtnUU  of  teats  involvina  reduction  of  barium  siUpkide  by  carbon  in  tube 

furnace,  surrounded  by  atmosphere  of  nitrogen.<^ 


Farts  of 
carbon  per, 

Per  cent  of 

Per  cent  of 

Carbon  con- 
sumed per 

Teinp«nitun. 

100  parts  of 

Ba804 
In  charge. 

10 

carbon 
consumed. 

80 

reduced 
toBaS. 

100  parts 
of  Ba804 
reduced. 

•  C. 
800 

58 

13.8 

800 

10 

100 

70 

14.3 

800 

20 

63 

64 

19.8 

900 

10 

95 

70 

13.5 

900 

10 

100 

74 

13.5 

960 

10 

97 

76 

12.9 

950 

10 

100 

75 

13.3 

960 

15 

90 

82 

16.4 

950   ^ 

14 

100 

96 

14.7 

950- 

15 

100 

90 

16.7 

1,000 

10 

100 

80 

12.5 

1,000 

15 

100 

96 

15.6 

1,000 

20 

84 

1 

95 

17.6 

«  Tests  by  W.  Freeman  and  V.  P.  Edwardes. 


COMMENTS   ON'   RESULTS   OF  TESTS. 


The  tabulated  data  indicate  that  the  carbon  efficiency  was  greatest 
when  the  charge  contained  the  smallest  percentage  of  carbon.  In 
general,  somewhat  higher  carbon  efficiency  was  obtained  in  the  re- 
ductions effected  at  the  higher  temperatures  than  at  the  lower. 

Although  the  highest  carbon  efficiency  (about  12  to  12.5  per  cent) 
was  obtained  when  the  carbon  present  was  about  10  per  cent  of  the 
barium  sulphate,  the  theoretical  amotmt  if  the  carbon  was  oxidized 
completely  to  carbon  dioxide,  yet  with  this  amount  of  carbon  the 
maximum  reduction  of  the  barium  sulphate  at  temperatures  up  to 
1,000°  C.  was  only  about  80  per  cent.  With  15  per  cent  carbon 
present  in  the  charge,  the  reduction  was  nearly  complete  when  the 
carbon  was  consumed. 

When  the  carbon  was  present  to  the  extent  of  20  per  cent  of  the 
BaSO^,  the  carbon  efficiency  was  much  lower  irrespective  of  whether 
the  reduction  was  at  high  or  low  temperatures,  but  shghtly  higher  at 
the  high  temperatiu^es  than  at  the  low. 

From  these  data  it  is  to  be  noted^  also,  that  with  an  excess  of  car- 
bon the  reduction  seemed  to  proceed  slightly  slower  than  did  the 
reduction  with  the  lesser  amount  of  carbon  present.  This  is  shown 
especially  in  the  results  of  series  at  850°,  900°,  and  950°  C,  shown 
in  Table  4. 

However,  it  must  be  recognized  that  the  fineness  to  which  the 
material  is  pulverized,  and  the  intimacy  with  which  the  sulphate 
and  carbon  are  mixed,  are  factors  influencing  these  results,  as  is  the 
depth  of  material  through  which  the  carbon  monoxide  gas  must  pass 
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before  leaving  the  charge.  For  example,  in  several  tests  ** straight'' 
barium  sulphate  was  placed  on  top  of  the  charge  containing  20  per 
cent  carbon.  This  barium  sulphate  cover  was  largely  reduced  by 
the  carbon  monoxide  coming  up  from  the  charge  proper,  thus  in- 
creasing the  efficiency  of  the  carbon  when  credited  with  the  "whole 
amount  of  barium  reduced. 

Summarized  briefly,  the  data  from  the  Series  2  tests  show  that 
when  the  carbon  and  the  barium  sulphate  were  finely  pulverized  and 
intimately  mixed,  and  the  reduction  was  effected  in  a  muffle  or  cru- 
cible type  of  furnace,  in  the  absence  of  outside  air  or  of  products  of 
combustion  of  fuel,  and  at  temperatures  between  850°  and  1,000^  C, 
a  high  reduction  (90  per  cent  or  better)  could  be  obtained  when  the 
carbon  added  was  about  15  per  cent  of  the  barium  sulphate.  With 
the  addition  of  less  carbon,  although  the  carbon  efficiency  was  greater, 
the  reduction  was  not  so  complete.  With  thie  use  of  more  than  15 
per  cent  carbon,  the  carbon  efficiency  decreased,  unless  provision  was 
made  to  utilize  the  cari^on  monoxide  issuing  from  the  charge  by 
passing  it  through  another  charge  of  barium  sulphate. 

Different  kinds  of  barium  sulphate  gave  different  results  in  the 
reductions  carried  on  under  the  same  conditions.  For  example, 
the  following  materials,  all  finer  than  200-mesh,  were  reduced  at 
the  same  time  under  the  same  conditions,  that  is,  a  temperature  of 
900°  C.  and  a  reduction  period  of  120  minutes,  with  the  following 
results: 

Results  of  reduction  tests  of  different  Hnds  of  barium  sulphate. 


Material. 

Per  cent  of  total  l>arium  in  product 
in  - 

Watpr-sol- 
ublo  com- 
pounds. 

Waler- 
insoluble, 
acld-solu- 
blo  com- 
pounds. 

Acid- 
insoluble 

com- 
pounds. 

Precioitated  BaSO*.  99.6+  per  cent 

78 

10 
13 

18 
7 

2 

9 

10 

0 

Pulverized  barvtes.  9S  per  cent  HaSi 

i'ulverized  barvtes.  92.5  per  c*»nt  BaSO^ 

72 

93 

Precipitated  BaSOj-f  BaSO* 

In  the  pulverized  barytes  oontaining  98  per  cent  barium  sulphate 
the  impurities  were  barium  carbonate,  iron,  and  silica.  In  the 
barytes  containing  only  92.5  per  cent  barium  sulphate  there  was 
about  3  per  cent  iron  and  3  per. cent  silica. 

Some  comparative  tests  were  made  to  determine  the  effect  of  iron 
on  the  reduction  of  barium  sulphate.  Four  charges  were  made  up 
in  wliich  iron  to  the  extent  of  about  6  per  cent  was  mixed  with  the 
precipitated  barium  sulphate.  In  one  charge  the  iron  was  added  as 
ferric  sulphate,  in  another  as  ferrous  ammonium  sulphate,  in  a  third 
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as  ferrous  sulphate,  and  in  a  fourth  as  ferric  oxide.  Two  chains  of 
the  pure  precipitated  barium  sulphate  were  reduced  Tinder  the  same 
conditions — a  temperature  of  850^  C.  and  a  reduction  period  of  120 
minutes.    The  average  results  of  four  tests  were  as  follows: 

Results  of  reduction  tests  in  which  iron  was  added  to  reduction  charge. 


Material  reduced. 

Per  cent  of  total  barium  present  in- 

Water-sol- 
uble com- 
pounds. 

Watcr- 
fnsohible, 
acid-solu- 
ble com- 
pounds. 

10 

17 

Insoluble 

com- 
pounds. 

10 
15 

Pure  RaflOt                        

80 

BaS04  with  6  per  cent  of  iron  present 

68 

REOXU)ATION  OF  BARIUM  SULPHIDE  TO  SULPHATE. 

It  has  been  stated  that  barium  sulphide,  when  at  red  heat,  is 
readily  reoxidized  to  the  sulphate.  The  data  from  several  of  the 
crucible-reduction  tests  were  found  to  be  of  no  value  because  inade- 
quate precautions  were  taken  to  prevent  the  oxygen  from  getting 
into  the  crucible.  An  example  of  the  effect  of  small  air  leakages 
into  the  crucible  is  given  below.  Those  results  were  obtained  when 
pulverized  barytes  (98  per  cent  BaSO^)  was  reduced  with  20  per 
cent  willow  charcoal  at  1,000°  C. 

Remits  of  reduction  tests  in  which  air  leaked  into  reduction  cructble. 


Time  of  re- 
duction. 

Per  cent  of  barium  In  product  pres- 
ent in— 

Condition 
of  cover. 

Tight. 
Loose. 

IjOOM.           I 

Very  loose.  1 

,     Water- 
Water-       insoluble,  »  i„„^i„ki« 
soluble       acid-solu-  !  ^S^fiVi**® 
BaS.          blecom-    j     ^*^^^*- 
pounds. 
1 

Mtnutes. 
60 
60 

lao 

120 

94 

1 
1 
6     

76 
56 
35 

3  21 

4  40 
3                   62 

The  reoxidation  product  is  the  sulphate,  not  the  oxide.  This  fact 
is  shown  in  the  results  presented  in  the  foregoing  table,  also  in  the 
results  of  some  special  tests  that  were  made  to  determine  the  product 
of  oxidation  of  barium  sulphide.  In  these  tests  material  contain- 
ing 95  per  cent  of  the  barium  as  the  sulpliide  was  heated  in  the  air 
for  varying  periods  of  time  at  different  temperatures.  In  most 
cases  practically  all  the  sulphide  was  reconverted  to  the  sulphate, 
and  only  smaU   amounts  of  oxide  were  formed.     The  maximum 
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conversion  to  oxide  was  about  7  per  cent,  and  was  obtained  w^hen 
the  material  was  Heated  to  800°  C.  for  two  hours. 

BEBTES  3  T£STS. 

In  the  Series  3  tests,  bariiun  sulphate  mixed  with  carbon  and  made 
into  briquets  was  reduced  in  a  shaft  furnace  heated  by  oiL  Pre- 
cipitated barium  sulphate  was  mixed  with  lampblack  carbon  from 
the  local  gas  works,  and  the  mixture  was  pressed  into  the  form  of 
cupels,  2.5  cm.  (1  inch)  in  diameter  and  3.2  cm.  (1}  inches)  high. 
These  cupels  were  dried  and  then  were  charged  into  a  small  shaft 
furnace  30.5  cm.  (12  inches)  in  diameter,  and  76.2  cm.  (30  inches) 
high.  This  furnace  was  heated  to  about  950°  to  1100°  C.  by 
oil,  the  products  of  combustion  passing  through  the  shaft  and 
maintaining  strongly  reducing  conditions  around  the  briquets. 
The  furnace  was  kept  filled  with  briquets  diuring  a  test,  more  briquets 
being  added  at  the  top  as  the  reduced  product  was  withdrawn 
below.  The  length  of  time  the  briquets  were  in  the  furnace  varied 
between  one  and  one-half  and  tliree  hours.  During  an  average 
run  of  six  hours  there  was  about  80  kilograms  (176  pounds)  of  the 
briquets  reduced.  The  best  average  product  obtained  from  any 
of  the  runs  contained  82.5  per  cent  of  the  barium  as  sulphide,  13.8 
per  cent  as  oxide  and  carbonate,  and  3.7  per  cent  as  insoluble  sul- 
phate. The  best  product  from  any  charge  diuring  this  run  contained 
87  per  cent  of  the  barium  as  sulphide.  During  this  run  the  maxi- 
miun  furnace  temperature  was  1150°  C.  .The  average  carbon 
monoxide  content  of  the  gases  in  the  shaft  of  the  furnace  was  4  per 
cent. 

In  this  shaft  furnace  several  runs  also  were  made  with  briquets 
of  pulverized  commercial  barytes  (92.5  per  cent  BaSO^)  and  lampblack 
carbon.  These  briquets  were  6.36  cm.  (2J  inches)  long,  6.35  cm. 
(2}  inches)  in  diameter,  and  weighed  each  about  370  grams  (or 
0.81  pound).  With  these  briquets  unsatisfactory  reductions  were 
obtained,  even  though  the  temperatiu-e  of  the  furnace  was  raised  to 
1100°  C,  and  broken  pieces  of  coke  were  charged  with  the  briquets. 
The  best  products  contained  only  about  70  per  cent  of  the  barium 
as  sulphide.  Also,  unless  the  large  briquets  were  broken  and  chilled 
immediately  on  being  removed  from  the  fiunace,  they  retain  their 
heat  for  a  long  time,  and  the  barium  sulphide  to  a  great  extent 
oxidized  back  to  the  sulphate. 

One  charge  of  reduced  briquets  weighing  about  25  kilograms,  and 
containing  at  the  time  of  withdrawal  from  the  furnace  about  70  per 
cent  of  the  barium  as  sulphide,  was  allowed  to  stand  unbroken  in 
an  iron  container  for  about  15  hours.  At  the  end  of  tliis  time, 
the  briquets  in  the  center  of  the  container  were  still  glowing.     The 
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outside  cooled  briquets  contained  less  than  15  per  cent  of  the  barium 
as  sulphide^  the  rest  having  oxidized  back  to  sulphate. 

SERIES  4   TESTS. 

In  the  Series  4  tests  barium  sulphate  was  reduced  in  a  multiple- 
hearth  furnace. 

DESCRIPnON  OF  MDT/TIPLE-HEARTH  REDUCTION  FiniNACE. 

The  furnace  (PI.  I,  -B,  and  PI.  II,  A)  was  designed  by  Mr.  Utley 
Wedge,  and  was  loaned  to  the  bureau's  representatives  for  the 
investigations. 

The  furnace  was  24  inches  (61  centimeters)  in  inside  diameter  and 
34  inches  (86.3  centimeters)  high;  that  is,  between  the  bottom  of 
the  cast-iron  drying  hearth  7  (PI.  I,  B)  to  the  top  of  the  bottom 
hearth  12.  Beneath  the  bottom  hearth  was  a  calcine  pit  12  inches 
deep.  Above  the  drying  hearth  were  placed  the  driving  gears, 
roller  bearings,  etc.  The  total  height  over  all  was  6  feet  (1.83 
meters). 

The  walls  of  the  furnace  were  of  specially  molded  fire  brick  8  inches 
(20.3  centimeters)  thick,  containing  openings  for  gas  burners,  pyrom- 
eter tub^,  gas-sampling  tubes,  and  mica  windows,  or  peepholes. 
Outside  the  brick  walls  of  the  fiunace  was  placed  a  covering  of 
magnesia  board  1^  inches  thick.  This  magnesia  was  covered  with  a 
layer  of  asbestos  cement  one-eighth  inch  thick,  over  which  was  placed 
a  thin  layer  of  Portland  cement. 

In  the  center  of  the  furnace  was  hung  a  cast-iron  colmnn,  1  (PI. 
I,  jB),  3}  inches  (95.2  centimeters)  in  diameter,  which  was  keyed 
into  the  center  of  a  gear  wheel,  36  inches  (0.915  meter)  in  diam- 
eter, revolving  on  roller  bearings,  S.  These  roller  bearings  were  car- 
ried on  a  horizontal  cast-iron  bedplate,  4,  resting  on  fomr  short 
adjustable  pins,  5.  The  pins  were  screwed  into  sockets  in  the  flange 
6  of  the  drying  plate  7.  This  drying  plate  was  bolted  to  four  steel 
columns,  5,  placed  outside  the  walls  of  the  furnace.  The  upper  bear- 
ing for  the  center  column  was  carried  on  a  steel  frame,  9,  which  was 
ako  bolted  to  the  foiu:  steel  columns.  The  large  gear,  meshed  with 
a  worm  drive,  10^  was  bolted  to  the  bedplate  4.  At  one  end  of  this 
worm-drive  shaft  was  placed  a  pulley,  1 1 ,  over  which  belt  connec- 
tion was  made  to  a  driving  motor. 

To  the  revolving  center  coliunn  inside  the  furnace  were  attached 
three  cast-iron  hearths  (IS,  II,  A;  see  also  figs.  2  and  3)  22  inches 
(55.9  centimeters)  in  diameter.  Thus,  there  was  an  annular  space 
I  inch  (2.54  centimeters)  wide  between  tnese  hearths  and  the  fiu*- 
nace  walls.  Between  these  movable  hearths  and  below  the  lowest 
were  placed  three  stationary  hearths  1$  (PI.  II,  A),  resting  on  shelves 
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provided  on  the  l^rick  walls.  The  openhig  at  the  center  of  these 
hearths  was  6  inches  X15.25  centimeters)  in  diameter,  leaving  an 
eimular  space  1  inch  wide  between  the  stationary  hearths  and  the 
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SPACER 
FIOUBX  2.— Details  of  a  movable  hearth  in  multiplc>hearth  fiunaoe. 

center  columns.     The  total  effective  hearth  area  was  16.5  squaro 
feet  (1.53  squaro  meters). 

Rabbles  (75,  PI.  II,  A;  see  also  figs.  2  and  3)  were  attached  to  ribs 
(16 f  PI.  II,  A)  cast  on  the  underside  of  the  hearths.    The  rabbles 


A.    HfTERlOR  OF  FURNACE,  SHOWING  CAST-IRON  HEARTHS  AND  RABBLES. 


.    CEMENT  KILN  USED  IN  REDUCTION  TESTS  AT  HIGH  TEMPERATURES. 


BEDUCTION. 


43 


stirred  and  moved  the  ore  across  the  hearths  immediately  below. 
The  ore  on  the  cast-iron  drying  floor  (7,  PI.  I,  B)  was  moved  by  the 
rabbles  (17,  PL  I,  B)  revolving  with  the  center  column.  From  the 
drying  floor  the  ore  fell  to  the  center  of  the  top  movable  hearth  and 
was  nioved  by  the  rabbles  suspended  from  the  stationary  dryfng 


STATIONART  HEARTH 
FiouRB.S.— Details  of  a  stationary  hearth  in  multlplo-hearth  furnace. 

hearth  to  the  outside  of  the  top  revolving  hearth,  faUing  onto  the 
second  hearth,  a  stationary  hearth.  It  was  then  moved  by  rabbles 
attached  to  the  top  movable  hearth  to  the  center  of  the  stationary 
hearth  and  fell  onto  the  third  hearth,  a  moving  hearth.  The  ore 
was  thus  moved  through  the  furnace  in  a  manner  similar  to  that  in 
a  regular  large-size  midtiple-hearth  roasting  furnace. 
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The  cast-iron  hearths  lasted  for  many  tests  when  the  temperatures 
were  not  over  800®  C,  but  when  temperatures  above  900®  C.  w^ero 
maintained  they  warped  and  cracked  and  had  to  be  replaced  after 
©ight  or  nine  12-hour  nms. 

I  Bristol  pyrometers  (iS,  PI.  I,  B)  were  inserted  through  the  walls  of 
the  furnace  for  measuring  the  temperature  on  the  first,  third,  and 
fifth  hearths.  Gas  samples  were  also  drawn  from  the  furnace  at 
these  hearth  levels.  Peepholes  {19,  PL  I,  B)  were  provided  at  several 
points  for  observing  the  charge  in  the  furnace. 

Movable  brick  plugs  {20,  PI.  I,  B)  were  provided  in  the  walls  of 
the  furnace,  which  gave  access  to  the  interior  for  cleaning  off  the 
hearths.  The  movable  plugs  were  somewhat  necessary,  as  some 
charges  had  a  tendency  to  ball  up  in  front  of  the  rabbles. 
J  The  furnace  was  heated  by  oil  fuel  or  by  city  gas.  In  most  of 
the  tests  gas  was  used.  The  gas  was  burned  through  Meker  burners 
{21,  PL  I,  5),  with  a  20-pound  air  pressure  at  the  burners.  i 

I  It  is  not  considered  that  the  fuel  oonsumption  in  this  furnace 
furnished  data  for  calculating  the  fuel  that  would  be  required  in  a 
standard  furnace  of  this  type  if  properly  designed  to  prevent  radia- 
tion losses,  etc.  The  center  revolving  coliunn  was  water  cooled. 
The  cooling  water  removed  one-fifth  to  one-third  of  the  total  heat 
suppUed  to  the  furnace  by  the  combustion  of  the  gas.  In  most  of 
the  reduction  tests  the  furnace  was  operated  under  only  a  slight 
draft — just  enough  to  allow  the  products  of  combustion,  etc.,  to  be 
removed  from  the  furnace  through  the  flue  {22,  PL  I,  B).  -i 

In  straight  roasting,  when  pyrites  containing  35  to  40  per  cent 
sulphur  were  being  roasted,  the  furnace,  once  heated,  could  be  run 
several  hours,  roasting  at  the  rate  of  30  or  35  pounds  (13.6  to  16.1 
kilograms)  per  hour  without  the  use  of  extraneous  fuel. 

SUMMABT  OF  REDUCTION  TESTS   m   FUBNACX. 

Following  are  summarized  briefly  20  tests  made  in  the  fumaoe. 
In  making  the  reduction  tests  the  variables  were  as  follows:  (1) 
Length  of  time  the  material  was  in  the  furnace;  (2)  the  furnace 
temperature;  (3)  reducing  conditions. 

REDUCTION  PERIOD. 

« 

The  length  of  time  the  material  was  in  the  furnace  was  controlled 
by  the  rate  at  which  the  charge  was  fed  and  by  the  speed  of  revolu- 
tion of  the  center  column.  The  rate  of  feeding  was  varied  between 
5.6  to  19.8  pounds  (2^  to  9  kilograms)  per  hour,  and  the  length  of 
time  the  material  was  in  the  furnace  varied  between  2  and  3^  hours. 


j^.^tt 
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FUBNACB  TBMPERATUBE8. 


The  yariations  in  the  furnace  temperatures  were  as  follows: 

Furnace  temperatures  in  reduction  testa. 


Putofftimaoe. 


First  hearth. 
Third  hearth 
Fifth  hearth. 


Minimum 

tempoTBr 

ture. 

Maximum 
tempera- 
tore. 

Average 
tempera- 
tore. 

•c. 

180 
500 
840 

•c. 

485 
905 
920 

•c 

300 
800 
850 

REDUCINQ  CONDITIONS. 


In  all  tests  the  quantity  of  city  gas  used  was  in  excess  of  that 
required  for  the  combustion  to  maintain  the  proper  temperatures. 
In  the  20  tests  sunmiarized,  no  free  oxygen  was  allowed  in  the  fur- 
nace. The  carbon  monoxide  content  of  the  gases  taken  from  the 
fimiaoe  on  the  third  and  fifth  hearth  ranged  between  0.5  and  5  per 
cent.  The  fuel-gas  consumption  was  between  3  and  6  cubic  feet 
per  minute.  The  main  consideration  in  these  tests  was  to  obtain 
the  maximum  reduction  rather  than  the  highest  efficiency  of  the 
reducing  agent — carbon  or  gas. 

These  20  reduction  tests  may  be  divided  into  the  following  groups: 

1.  Tests  involving  reduction  of  precipitated  barium  sulphate 
(99  per  cent  BaSO^)  intimately  mixed  with  lampblack  carbon,  heavy 
oil  residuum,  pulverized  coke,  or  powdered  charcoal. 

2.  Tests  involving  reduction  of  precipitated  barium  sulphate 
(99  per  cent  BaSO^)  with  excess  hydrogen,  carbon  monoxide,  or 
hydrocarbons  entering  the  furnace  through  the  burners,  no  carbon 
b^ing  mixed  with  the  material. 

3.  Tests  involving  reduction  of  commercial  pulverized  barytes 
(98  per  cent  BaSOi,  as  used  in  paints  by  the  W.  P.  Fuller  Co.)  with 
coke,  lampblack,  carbon,  or  like  material  mixed  intimately  with 
the  barytes. 


TABULATED  RESULTS  OF  TESTS. 


The  results  of  the  tests  are  given  in  Table  13  following: 

71284*— 17 i 
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COMMENTS  ON  RESULTS  OF  TESTS. 

The  results  presented  in  Table  13  indicate  that  with  precipitated 
barium  sulphate  the  highest  reductions  were  obtained  when  the 
material  was  mixed  with  carbon  either  as  pulverized  charcoal  or 
lampblack^  and  when  the  higher  temperatures  were  maintained  in  the 
furnace.  Under  these  conditions  the  percentage  of  excess  reducing 
gases  present  in  the  furnace  could  bo  decreased  to  a  low  figure. 

The  pulverized  conmiercial  barytes  were  more  difficult  to  reduce 
than  was  the  precipitated  barium  sulphate. 

When  the  maximum  temperature  in  the  furnace  was  above  850^C., 
the  material  was  slightly  sintered  into  balls  about  0.3  centimeter 
(1.8  inches)  in  diameter,  like  cement  cinders.  The  slightly  sintered 
balls  formed  in  the  first  reductions  wore  somewhat  broken  and  the 
material  was  pulverized  readily  for  subsequent  use  as  a  precipitant 
in  the  solutions. 

It  is  to  be  regretted  that  reduction  tests  at  higher  temperatures — 
above  900°C. — could  not  have  been  made  with  this  type  of  furnace. 
However,  refractory  hearths  to  withstand  higher  temperatures  over 
longer  periods  of  time  were  not  available. 

SERIES  6  TESTS. 

In  the  Series  5  tests  barium  sulphate  was  reduced  in  a  cement  kiln. 

Through  the  courtesy  of  the  chemistry  deparUnent  of  the  Uni- 
versity of  California,  a  small  cement  kiln  (PI.  II,  B)  was  made  avail- 
able for  further  work  on  the  reduction  of  barium  sulphate  at  high 
temperatures. 

This  cement  kiln  was  3.66  meters  (12  feet)  long,  48.3  centimeters 
(19  inches)  in  outside  diameter,  and  25.4  centimeters  (10  inches)  in 
inside  diameter.  The  number  of  revolutions  was  1.15  per  minute, 
and  the  pitch  was  1:18. 

In  the  tests  with  this  furnace,  city  gas  or  oil  fuel  was  used  for 
heating.  The  lower  end  of  the  kiln  was  closed  by  a  sheet-iron  plate 
covered  with  asbestos.  Through  this  plate  a  gas  burner  was  inserted, 
the  gas  being  blown  in  with  air  imder  low  pressure.  A  small  gate 
was  provided  in  this  sheet-iron  plate  to  allow  drawing  out  the  reduced 
product  intermittently. 

The  gaseous  products  of  the  kiln  were  discharged  into  a  brick 
stack.  The  draft  at  the  furnace  was  reduced  to  a  minimum,  so  that 
the  reducing  conditions  in  the  furnace  could  be  controlled  by  the  air 
and  gas  entering  through  the  burner  pipe.  Even  with  the  draft 
reduced  to  a  minimum,  there  was  considerable  barium  sulphate 
carried  out  of  the  furnace  by  the  gases.  In  one  test  when  oil  was 
used  and  was  being  discharged  through  the  burner  by  a  high  air 
pressmre,  directly  along  the  center  line  of  the  kiln,  the  loss  of  barium 
sulphate  was  high — about  30  per  cent.  When  this  oil-and-air 
mixture  was  discharged  at  right  angles  with  the  center  line,  striking 
against  the  sides  of  the  kiln,  the  loss  was  greatly  reduced,  but  was 
not  less  than  5  per  cent  xmder  any  conditions. 
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Provision  was  made  for  taking  samples  of  gas  at  several  points 
along  the  length  of  the  kiln,  and  also  for  measuring  the  temperatures 
at  these  points  by  thermocouples. 

The  charge  to  the  fumaoe  was  fed  in  by  hand  at  the  back  of  the 
furnace. 

In  these  reduction  tests,  the  temperature  at  the  hottest  part  of 
the  fimiace  was  as  high  as  1,100®  C,  and  averaged  1,050®  C.  For 
over  half  of  the  furnace  the  temperature  was  above  850®  C.  The 
average  time  the  chaige  was  in  the  furnace  was  2}  hours.  The  aver- 
age rate  of  feeding  the  charge  to  the  furnace  was  15  kilograms  (33 
pounds)  per  hour,  ranging  between  10  and  20  kilograms  per  hour. 
The  best  reductions  were  obtained  when  the  furnace  was  kept  well 
filled  with  the  chaj^. 

In  these  tests,  the  material  used  was  finely  pulverized  barytes 
(98  +  per  cent  BaS04,  being  material  used  in  paints  by  the  W.  P. 
FuUer  Co.),  as  large  quantities  of  the  precipitated  barium  sulphate 
ODuld  not  be  obtained.  In  six  tests  city  gas  was  used,  and  in  one  test 
oil  was  used  for  fuel.  The  main  object  in  the  tests  was  to  obtain 
a  high  reduction  of  the  barium  to  the  water-soluble  sulphide,  the 
obtaining  of  a  higher  efficiency  of  the  reducing  agent  being  a  secondary 
consideration.  However,  one  test  (5-7) ,  was  conducted  for  the  pmpose 
of  obtaining  a  higher  fuel  efi&ciency  than  was  obtained  in  the  other 
tests.  This  test  showed  that  almost  as  high  a  reduction  could  be 
obtained  with  a  much  less  fuel  consumption. 

None  of  these  tests  furnished  conclusive  data  for  calculating  the 
amount  of  fuel  that  would  be  required  for  effective  reduction  in  a 
commercial  sized  kiln. 

The  results  of  tbj3  tests  with  the  cement  kiln  are  given  in  Table  14 

following: 

Tabls  14. — Reaulta  of  tests  involving  reduction  of  commercial  pulverized  harytes  in 

cement  kUn. 

(ToBta  by  A.  E.  Wells,  W.  Freeman,  R.  Bahxnaii,  and  V.  F.  Bdwardes.) 
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5-1 
S-2 

S-4 

5-5 
Ml 

5-7 


70 
15 
20 
16 


of  carbon 
naed. 


Pulverized  coke 

Pulveriied  charooal. 
....do 


18 
13 


Pulverised  eoke. 
Coke 


KUes. 

10.0 

10.0 

15.0 

15.2 

15.5 

16.0 

18.7 


lb. 

6  • 

»  9 


o  g 

r 


5.6 
6.1 
6.3 
6.2 

(») 
3.8 


I 


"3 


•a 

450 
460 
420 
400 
510 


370 


KB 


•c, 

850 
880 
880 
860 
900 


840 


•C. 
1,050 
1,050 
1,100 
1,050 
1,100+ 
1,360 
1,050 


i 

O 

I 


Bcwra. 
22i 
10 
5 
5 
4 
2 
4 


Analysis  of  prod- 
uct of  test. 


P.rt. 

89 
87 
90 
89 
a  69 
84 
82 


I 


ff-g 

r 


^•^  . 

d  o  CB 
H 


P.  a. 

98 
97 
98 
98 
78 
96 
90 


PM. 
2 
3 
2 
2 
22 
4 
10 


•  Product  cUnkwed  and  unreduced  BaS04  was 
lelUn  the  interior  of  the  oUnker. 


b  Rate  of  oil  consumption,  3  gallons  per  hour. 
«  No  data. 
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SUMMARY  OF  DATA  CONCERNING  REDUCTION  OP  BARIUM  SULPHATE   IN 

FIVE   SERIES  OF  TESTS. 

Summariziiig  briefly  the  data  obtained  in  the  five  series  of  reduc- 
tion tests  outlined  above,  it  may  be  stated  that  the  maximum  reduc- 
tion of  the  barium  sulphate  to  sulphide  was  obtained  at  the  higher 
temperatures — that  is,  around  1000°  C,  and  when  the  reductions  were 
effected  in  an  indirect-fired  furnace,  as,  for  example,  a  muffle  furnace. 
When  reductions  were  effected  in  this  type  of  furnace,  15  or  16  per 
cent  carbon  gave  the  highest  fuel  efficiency  consistent  with  the 
completeness  of  the  reduction  of  the  barium  to  the  sulphide. 

In  reductions  effected  in  a  direct-fired  furnace,  as  a  cement  kiln,  a 
multiple-hearth  roasting  furnace  or  a  shaft  furnace  in  which  hydro- 
gen, hydrocarbons,  or  the  products  of  combustion  of  the  fuel — ^water 
and  carbon  dioxide — ^were  brought  into  contact  with  the  sulphate  or 
sulphide,  there  was  formed  a  larger  proportion  of  barium  com- 
pounds, insoluble  in  water,  than  was  formed  in  a  furnace  indirectly 
fired.  Thus,  although  the  barium  compounds  in  the  best  products 
from  a  direct-fired  fmnace  were  90  to  95  per  cent  soluble  in  acid, 
yet  the  barium  present  as  the  water-soluble  sulphide  was  not  more 
than  85  to  87  per  cent  of  the  total. 

By  effecting  the  reductions  rapidly  at  high  temperatures — that  is, 
above  1000*^  C. — the  proportion  of  these  water-insoluble  barium 
oxides  and  carbonates  was  less  than  that  formed  in  reductions  at 
lower  temperatures  over  a  longer  period  of  time. 

Below  750°  C.  the  reduction  by  carbon  or  reducing  gases  was  too 
slow  to  be  considered  commercially  feasible. 

From  these  data  it  is  concluded  that  in  order  to  effect  the  maxi- 
mum reduction  of  the  sulphate  to  the  water-soluble  sulphide  the 
reductions  should  take  place  in  an  indirect-fired  furnace  at  high 
temperatures.  This  means  a  muffle-type  furnace  or  a  furnace  built 
along  the  lines  of  a  modem  coal-gas  producer. 

TBCnrS   TO    DETBRMINB    DECREASE    OF   BABIX7M    STTLPHIBB    IN 
BBBIJCED  PBODUCTS  FKOH  CYCLIC  OPERATION  S. 

As  stated  in  the  above  discussion  concerning  reduction,  in  none  of 
the  reductions  effected  in  the  shaft  furnace,  the  multiple-hearth 
furnace,  or  the  cement  kiln  where  these  reducing  gases  or  water 
vapor  came  in  contact  with  the  material  did  the  final  reduced  product 
contain  less  than  8  per  cent  of  the  barium  as  a  water-insoluble 
product,  which  was  principally  the  oxide. 

In  the  regular  precipitations  of  the  cyoUc  operations,  these  slowly 
soluble  or  insoluble  barium  compoimds  reacted  rather  slowly  with 
the  sulphur  dioxide  in  the  dilute  solutions  left  after  the  greater  part 
of  the  sulphur  dioxide  had  reacted  with  the  readily  soluble  sulphide. 
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Thus  in  the  cycles  a  large  proportion  of  these  compounds  was  not 
converted  into  the  sulphite  or  sulphate  in  the  precipitation  opera- 
tion, but  was  carried  around  in  the  cycles  as  ^'inactive"  material. 
As  in  each  reduction  sti^e  there  was  a  oertain  amount  of  these 
*' inactive''  compounds  formed,  the  proportion  of  these  gradually 
increased  to  such  a  point  that,  in  several  cyclic  teste,  more  than 
half  of  the  material  used  was  of  little  or  no  service  as  a  precipitant. 

Summaries  of  these  data  from  three  cyclic  tests  are  given  in 
Tables  15,  16,  and  17,  following: 

CYCUC    OPERATIONS     IN   WHICH    REDUCTIONS    WERE    MADE      IN    THE 

MULTIPLE-HEARTH   FURNACE. 

In  Table  15  are  presented  results  showing  the  decrease  in  the  pro- 
portion of  barium  sulphide  with  a  corresponding  increase  in  the 
proportion  of  the  oxide  and  carbonate  in  the  products  of  reduction 
dtiring  four  cycles  in  redu(<tion  tests  effected  in  the  multiple-hearth 
furnace. 

Table  15. — ResulU  ofeyelie  operaHont  in  which  reductiom  were  made  in  mtUtipU-hearih 

furnace. o 


Uatnlsl  redooed. 


Pui«BaS0« 

Precipitate  farmed  by  adding  ledaoed  jNToduot 
1  to  80t  solution 

Predpltate  fanned  by  adding  reduced  product 
2to80aaolutian 

Preeiptiate  fanned  by  adding  reduced  piodnet 
3  to  Sd  eolation 


Per  cent  of  total  Ba  pnoaot  a»— 


BaB 
readily 
soluble 
inHsO. 


74 
70 
66 
57 


BaO 

readily 
soluble 
in  HfO. 


a 

6 

6 
8 


BaO.BaS, 

BaCOg. 
etc.,  insolu- 
ble In  H.0, 
soluble  in 
HCl. 


12 
18 
24 
32 


Insoluble 
BaS04. 


Percent. 
12 

7 

4 

3 


Reduced 

product 

No. 


1 
2 
3 
4 


•  Tests  by  A.  E.  Wells,  A.  L.  Tuttle,  W.  Freeman,  R.  Buhman,  and  C.  E.  Brandt. 

CYCLE   OPERATIONS   IN    WHICH    REDUCTIONS    WERE   MADE   IN    CEMENT 

BULK. 

In  Table  16  are  given  summarized  data  concerning  the  products 
obtained  during  the  operation  of  the  process  through  six  complete 
cycles,  the  apparatus  shown  in  Plate  1,  Aj  being  used  for  absorption, 
precipitation,  decantation,  filtration,  and  drying.  The  distillations 
were  made  in  an  iron  kettle,  and  reductions  w^*e  effected  in  the 
cement  kiln  shown  in  Plate  II,  B, 

The  reduced  product  used  as  a  precipitant  in  the  first  cycle  con- 
tained 84.1  per  cent  of  the  total  barium  as  sulphide,  6.1  per  cent  as 
water-soluble  oxide,  8.7  per  cent  in  water-insoluble  but  acid-soluble 
compounds,  and  2.1  per  cent  as  sulphate.  The  ratio  of  sulphur  to 
barium  in  this  material  was  0.88  atom  of  sulphur  to  1  atom  of  barium. 
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stirred  and  moved  the  ore  across  the  hearths  immediately  below. 
The  ore  on  the  cast-iron  drj'ing  floor  (7,  PI.  I,  B)  was  moved  by  the 
rabbles  (/7,  PL  I,  B)  revolving  with  the  center  column.  From  the 
drying  floor  the  ore  fell  to  the  center  of  the  top  movable  hearth  and 
was  moved  by  the  rabbles  suspended  from  the  stationary  drymg 


STATIONARY  BEARTH 
FiovBK  3.-0610118  of  a  stationary  hearth  in  multiplo-hcarth  funmcc. 

hearth  to  the  outside  of  the  top  revolving  hearth,  falling  onto  the 
second  hearth,  a  stationary  hearth.  It  was  then  moved  by  rabbles 
attached  to  the  top  movable  hearth  to  the  center  of  the  stationary 
hearth  and  fell  onto  the  third  hearth,  a  moving  hearth.  The  ore 
was  thus  moved  through  the  furnace  in  a  manner  similar  to  that  in 
a  regular  large-size  multiple-hearth  roasting  furnace. 
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dioxide.  With  these  facts  in  mind,  a  study  of  the  summary  con- 
tained in  Table  17  following,  showing  the  reduction  products,  is 
interesting. 

Tablb  17. — Ruults  of  reduction  tests  with  cnuMe  involving  eight  cycles, <^ 


Material  reduced. 

* 

Per  cent  of  total  Ba  present  as— 

Cycle. 

BaS 
readily 
soluble 
InHtO. 

InsoluMe 
inHgO, 
soluble 
in  acid. 

Insolu- 
ble 
BaSO«. 

Redaoed 

product 

No. 

First 

Pure  BaSQj  byC 

88.6 
91.3 

gas 
9a2 

85.5 

'  82.8 

77.9 

75.0 

2.1 
S.9 

&4 

3.8 
7.8 

ia2 

l&O 
17.0 

9.3 
4.8 

4.S 

6.0 
7.2 
7.0 
8.1 
8.0 

1 

Second... 
Third.... 
Fourth... 

Fifth 

Sixth.... 
Seventh.. 
Eighth... 
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•  Tests  by  W.  Freeman  and  V.  P.  Edwardes. 

CONVBBSION  OF  OXIDE  AND  CABBONATE  DT  BEDUCED  PBODUOTS 

TO  SIJLPHITE  OB  STTLPHATB. 

From  the  results  of  tests  made  in  cycles  it  was  evident  that  in  order 
to  conduct  the  process  most  successfully  it  would  be  necessary  to  do 
one  of  two  things — either  to  effect  the  reduction  in  an  indirectly  fired 
furnace,  such  as  a  muffle  or  a  retort,  whereby  there  would  be  formed 
the  minimum  amount  Oi  the  water-insoluble  barium  compoimds,  or,  if 
the  reduction  was  effected  in  a  direct  fired  furnace,  to  introduce  some 
method  of  converting  these  barium  compounds  back  to  the  sulphite 
or  sulphate  for  their  subsequent  reduction  to  sulphide. 

Some  experiments  were  made  to  determine  the  conditions  required 
for  the  conversion  of  the  oxide  and  the  carbonate  to  the  sulphide  by  a 
reaction  with  sulphur  dioxide  in  solution. 

A  typical  experiment  is  summarized  here  to  show  the  rate  at  which 
this  conversion  takes  place. 

A  reduced  product  from  the  fifth  cycle,  from  which  the  readily 
soluble  barium  sulphide  and  oxide  had  been  leached  out,  was  used. 
The  residue  contained  16  per  cent  of  the  barium  as  sulphide,  55  per 
cent  as  oxide,  and  13  per  cent  as  carbonate  and  silica,  4  per  cent  as 
sulphite,  and  12  per  cent  as  sulphate. 

This  material,  pulverized  to  100  mesh,  was  shaken  vigorously  for 
20  minutes  with  a  solution  containing  9  grams  of  sulphur  dioxide  per 
liter.  After  filtration  there  was  still  excess  sulphur  dioxide  in  solu- 
tion. The  residue  contained  a  trace  of  barium  sulphide,  and  40  per 
cent  of  the  barium  was  still  present  as  oxide.  Considerable  barium 
(not  determined)  had  gone  into  the  mother-liquor  solution. 


GENERAL  SUMMARY  AND  CONCLUSIONS.  55 

Another  sample  was  pulverized  to  200  mesh  and  shaken  for  one 
hour  with  a  solution  containing  6  grams  of  sulphur  dioxide  per 
liter.  The  sulphur  dioxide  present  was  in  excess  of  that  required  for 
reaction  with  the  barium  sulphide  and  oxide  in  the  sample  to  form 
normal  sulphite.  After  the  hour's  shaking  about  26  per  cent  of  the 
barium  had  gone  into  the  solution,  and  the  residual  bariimi  still 
contained  considerable,  about  30  per  cent,  barium  oxide. 

From  this  and  other  similar  experiments  it  was  determined  that 
there  was  little  chance  for  converting  these  compounds  to  the  sulphite 
in  the  regular  precipitation  process,  unless  the  solutions  were  kept 
strong  in  sulphur  dioxide  or  the  time  allowed  for  agitation  was  much 
longer  than  could  be  considered  practicable. 

Thus  it  was  decided  that  in  order  to  keep  these  compounds  in  the 
cycles  it  would  be  necessary  to  leach  out  the  water-soluble  compoimds 
occasionally  and  treat  the  residue  with  fairly  strong  sulphur  dioxide 
solutions  in  a  separate  apparatus. 

Tests  were  made  in  which  the  water-insoluble  residues  were  treated 
in  an  agitator  or  pebble  mill  with  sulphur  dioxide  solutions  of  different 
strengths  for  varying  periods  of  time.  Stated  briefly,  the  tests 
showed  that  these  insoluble  bariimi  compounds  when  pulverized 
finely  can  be  converted  into  sulpliite  and  sulphate  by  agitation  with  a 
sulphur  dioxide  solution  of  about  1  per  cent  strength  for  several  hours. 
When  the  action  was  f  aciUtated  by  further  grinding  and  agitation,  as 
in  a  pebble  mill,  the  action  was  fairly  rapid.  In  this  treatment  some 
of  the  barium  oxide  was  dissolved  a.s  a  bisulphite,  so  that  to  save  the 
barium  in  practice  this  solution  would  have  to  be  returned  to  the 
precipitation  system. 

Dilute  sulphuric  acid  also  converted  these  barium  compounds  to 
the  sulphate. 

GENERAL  SUMMARY  AND  CONCLUSIONS. 

The  results  of  the  investigations  herein  described  warrant  the 
statement  that  every  step  of  the  wet  Thiogen  process  can  be  controlled 
and  carried  out  successfully  on  a  small  laboratory  scale,  and  the  indi- 
cations are  that  the  same  success  can  be  expected  in  the  large-scale 
operations  of  a  commercial  unit.  There  are  no  factors  to  prevent 
the  successful  conduct  of  the  following  operations:  Absorption  of  the 
sulphur  dioxide  gas  by  the  mother  liquor  solutions,  precipitation  of 
the  sulphur  compounds  by  the  addition  of  bariimi  sulphide  to  the 
solutions,  settling  of  the  precipitate,  decantation  of  the  solution, 
dewatering  or  filtering  of  the  precipitate,  and  distillation  of  sulphur 
from  the  dried  precipitate. 

In  the  reduction  operation  also  there  are  no  factors  that  prohibit 
the  conduct  of  the  process.  It  is  true  that  in  all  reduction  methods 
some  sulphur  is  lost,  resulting  in  the  formation  of  oxides  or  carbonates 
of  barium  that  react  slowly  in  the  precipitation  operation.    However, 
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the  proportion  of  these  insoluble  barium  compounds  can  be  reduced 
to  a  low  figure  by  rapid  reduction  with  carbon  at  a  high  temperature 
in  a  furnace  externally  heated.  If  reductions  are  effected  in  a  direct- 
fired  furnace,  the  proportion  of  these  compounds  is  greater.  How- 
ever, as  these  insoluble  compounds  increase  in  the  cycles,  the  soluble 
barium  compoimds  can  be  leached  out  and  the  insoluble  compounds 
allowed  to  react  with  a  strong  sulphur  dioxide  solution,  resulting  in 
their  conversion  to  sulphite  and  sulphate,  which  can  be  reduced  to  the 
sulphide. 

Regarding  the  commercial  feasibility  of  the  process,  the  following 
points  must  be  considered: 

In  the  absorption  operation  it  is  necessary  that  the  percentage  of 
sulphur  in  the  gases  should  be  as  high  as  possible.  It  seems  probable 
that  a  gas  concentration  of  less  than  6  per  cent  should  not  be  consid- 
ered in  practice.  Furthermore,  a  fairly  constant  concentration  of 
sulphur  dioxide  in  the  gases  is  necessary  if  concentrated  solutions  and 
a  high  absorption  of  the  sulphur  dioxide  are  to  be  attained  at  the  same 
time. 

The  relative  solubility  of  sulphur  dioxide  in  solution  at  different 
temperatures  must  be  considered  also.  At  33°  C.  (91°  F.),  the  voliune 
of  solution  required  to  absorb  a  given  weight  of  sulphur  dioxide  would 
be  about  twice  that  at  11°  C.  (52°  F.).  Unless  special  cooling  devices 
were  introduced,  the  temperature  of  the  mother  liquor  would  be 
nearly  that  of  the  surroimding  atmosphere,  certainly  not  lower. 
Thus  the  cost  of  absorption  would  depend  to  a  certain  extent  on  the 
average  temperature  of  the  neighboring  air. 

The  gas  should  also  be  cleaned  of  dust  and  fume  before  it  is  sent 
to  the  absorption  tower,  otherwise  the  solution  will  become  foul  with 
the  soluble  compounds  and  the  precipitates  will  become  contaminated 
with  flue  dust  and  other  impurities. 

The  operations  of  precipitation,  settling,  decantation,  filtering, 
drying,  and  distillation  called  for  in  this  process  should  not  be  any 
more  difficult  to  conduct  on  a  commercial  scale  than  similar  operations 
now  carried  on  in  standard  commercial  apparatus. 

However,  the  efficiency  of  the  settling,  decantation,  and  filtering 
operations  are  largely  dependent  on  the  conditions  under  which  the 
precipitation  takes  place.  Thus,  it  is  necessary  that  the  sulphur 
dioxide  content  of  the  solutions  coming  from  the  absorption  tower 
shoidd  be  fairly  constant,  or  the  constant  attention  of  an  attendant 
will  be  necessary  to  see  that  the  solutions  are  not  too  acid  or  alkaline 
after  precipitation.  This  part  of  the  process  will  probably  require 
careful  supervision. 

In  the  commercial  operation  of  the  reduction  process  the  tendency 
for  the  formation  of  insoluble  barium  products  must  be  considered 
an  important  factor. 
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To  reduce  the  amount  of  these  iD3oluble  compounds  to  a  minimum 
Ae  reduction  must  be  effected  rapidly,  with  carbon  at  a  high  tem- 
perature, and  out  of  contact  with  the  furnace  gases.  This  would 
necessitate  reduction  in  a  muffle  type  furnace.  At  the  high  tem- 
perature required,  such  reduction  would  be  more  expensive  to  carry 
on  than  a  reduction  in  a  direct-fired  furnace^  as  for  example  in  a 
multiple-hearth  furnace  or  in  a  cement  kihi. 

Even  with  this  type  of  reduction,  in  a  commercial  application  of 
the  process,  there  would  be  a  gradual  accumulation  of  these  ''inact- 
ive" barium  compounds,  which  would  require  special  treatment  with 
strong  sulphur  dioxide  solutions  or  dilute  sulphuric  acid  for  conversion 
to  compounds  that  could  be  reduced  to  the  sulphide. 

If  the  reduction  is  to  be  effected  in  a  direct-fired  furnace  the 
necessity  will  be  still  greater  for  a  supplementary  operation  to  con- 
vert the  bariimi  oxide  or  carbonate  to  the  sulphite  or  sulphate. 
However,  by  the  introduction  of  this  conversion  operation  the  loss 
of  barium  as  insoluble  compounds  through  a  series  of  cycles  can  be 
reduced  to  a  low  figure. 

Another  possible  method  of  handling  some  of  these  water-insoluble 
but  acid-soluble  barium  compounds  would  be  to  dissolve  them  in 
dilute  acid  after  the  water-soluble  sulphide  and  oxide  had  been 
leached  out,  and  thus  prepare  barium  salts  for  the  market. 

Reducing  the  precipitate  in  a  direct-fired  furnace  would  involve  in 
each  cycle  a  loss  of  at  least  5  per  cent  of  the  bariiun  as  dust,  unless 
the  dust  was  precipitated  by  the  electrical  precipitation  or  a  similar 
process. 

The  results  of  the  laboratory  study  of  the  wet  Thiogen  process 
demonstrate  that  the  technical  operation  of  the  process  can  be  carried 
out  successfully  for  the  recovery  of  sulphur  from  sulphur  dioxide  in 
waste  smelter  gases,  and  the  indications  are  that  at  least  in  some 
localities  the  process  can  bo  applied  on  a  conmiercial  scale  and  sulphmr 
recovered  at  a  cost  that  will  allow  a  profit. 
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APPARATUS  REQUIRED  AND  MATERIAL  HANDLED  TO  PRODUCE  10 

TONS  OF  SULPHUR  A  DAY. 

Based  on  the  results  of  the  critical  study  of  the  Thiogen  process 
herein  described,  an  outline  has  been  prepared  showing  the  apparatus 
required  and  the  approximate  (Quantities  of  material  to  be  handled 
in  the  production  of  10  tons  of  sulphur  a  day  by  the  wet  Thiogen 
process. 

In  this  outline  it  is  assumed  that — 

The  furnace  gases  contain  7  per  cent  SO,. 

The  frnnace  gases  are  delivered  at  the  absorption  tower  at  20°  C. 
and  free  from  dust  and  fumes. 

The  temperature  of  the  mother  liquor  can  be  maintained  at  20**  C. 
or  less. 

An  absorption  of  80  per  cent  of  the  total  sulphur  dioxide  in  the 
gases  is  satisfactory. 

Reduction  is  effected  in  a  cement  kiln. 

Dust  from  the  cement  kiln  is  recovered  by  the  electrical  precipi- 
tation apparatus. 

In  the  precipitation  process  no  attempt  is  made  to  effect  a  reaction 
between  tlie  comparatively  insoluble  barium  compounds  and  the 
sulphur  dioxide  by  allowing  excess  sulphur  dioxide  to  be  present 
in  solution  after  the  readily  soluble  compounds  have  reacted.  These 
insoluble  compounds  are  to  be  converted  to  the  sulphite  or  sulphate 
by  a  supplementary  process. 

DETAILS  BEGABDINa  PABTS  OF  APPABATtTS. 

Prescribed  details  regarding  parts  of  the  apparatus  are  given 
below  in  semitabular  form. 

Absorption  Tower. 

Total  volume  of  gases  to  tower  per  minute  at  20°  C,  2,650  cubic  feet. 

Total  SO2  in  2,650  cubic  feet,  31  pounds  per  minute. 

SO2  absorbed  in  tower,  25  pounds  per  minute. 

If  the  tower  is  constructed  on  the  same  lines  as  was  the  experimental  tower,  it 
would  have  the  following  dimensions:  Total  area  of  cross  section,  70  square  feet; 
area  of  space  through  the  grill  work,  25  square  feet;  total  height,  50  feet. 

The  absorption  height  may  be  provided  by  single  tower,  or,  as  planned  by  the 
Thiogen  Co.,  by  three  towers,  with  the  circulation  of  part  of  the  solution  through  the 
middle  tower  to  build  up  the  concentration.  The  length  of  time  of  contact  of  the 
gases  and  the  solution  would  be  about  the  same  in  either  case. 
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The  vohime  of  mother  liquor  at  20^  C.  required  to  absorb  this  weight  of  eulphUr 

dioxide  would  be  about  38  cubic  feet,  at  277  gallons.    The  resulUug  solution  would 

contain  25  pounds  of  SOj. 

Rkgulahno  Tank. 

Mother  liquor  to  flow  by  gravity  from  absorption  tower  to  regulating  tank. 

Tank  to  be  covered  to  prevent  loss  of  SO,. 

Dimensions:  Diameter,  8  feet:  height,  4  feet;  capacity,  100  cubic  feet,  or  748  gallons. 

Pump. 
Pump  to  force  277  gallons  of  solution  per  minute  from  r^fulating  tank  to  agitator. 

Incorporator  and  Mizbr.  • 

An  automatic  incorporator,  as,  for  example,  an  adjustable  worm-screw  feed,  would 
be  required  by  which  the  proper  proportion  of  the  reduced  material  could  be  added  to 
all,  or  a  part,  of  the  mother  liquor  as  it  is  pumped  from  the  r^:ulating  tank  to  the 
agitating  tank.  If  the  sulphur  dioxide  concentration  of  the  solution  can  be  main- 
^  tained  nearly  constant,  such  an  automatic  incorporator  would  not  require  much  close 
attention  on  the  part  of  attendants.    Centrifugal  pumps  are  effective  mixers. 

Assuming  that  the  average  reduced  product  to  be  incorporated  contains  not  less 
than  70  per  cent  BaS,  63  pounds  of  reduced  material  containing  44  pounds  of  BaS 
plus  19  pounds  of  other  compounds  not  reacting  with  SO,  are  to  be  incorporated 

per  minute. 

AoiTATiNQ  Tank. 

The  agitating  tank,  such  as  a  Dorr  agitator,  should  have  a  capacity  of  about  1,200 

cubic  feet  (9,000  gallons),  or  the  equivalent  of  about  30  minutes'  supply  of  solution. 

Agitation  should  be  vigorous  and  accomplished  by  mechanical  means,  as  by  paddles, 

nther  than  by  compressed  air.    The  ov^ow  from  the  agitator  should  flow  to  settling- 

t'mka. 

Skttuno  Tanks. 

Two  tanks  in  series,  each  with  a  capacity  of  about  1 ,000  cubic  feet  (7,450  gallons),  or 
a  total  settling  capacity  equivalent  to  50  minutes'  supply  of  solution. 

Tanks  should  be  equipped  with  slowly  revolving  rabbles,  arms  and  rabbles  to  move 
precipitate  to  a  center  discharge  at  bottom. 

A  aettled  precipitate  containing  50  per  cent  water  may  be  obtained.  In  fact,  the 
precipitate  may  be  so  thick  as  to  require  a  special  pump  for  moving  it  to  a  filter. 

Total  weight  of  precipitato  to  be  settled  per  minute,  88  pounds,  or  63.5  tons  a  day. 

Mother  liquor  flowing  to  pump  to  be  returned  to  absorption  tower  by  pump;  will 
contain  some  light,  flaky  sulphur,  which  will  not  clpg  in  the  pump  nor  settle  in  the 

tower. 

Filters. 

Filters  must  handle  daily  126  tons  of  settled  precipitated  sludge  containing  not  over 
50  per  cent  water.  With  a  vacuum  of  18  inches  a  l|-inch  cake  can  be  obtained  in 
three  minutes.  Filtered  cake  should  contain  less  than  25  per  cent  water.  Discharge 
from  filter  should  go  into  conveyor  to  be  run  onto  drying  furnace. 

Pumps. 

Pumpe  to  handle  250  to  270  gallons  of  mother  Uquor  per  minute  from  the  overflow 
of  settling  and  from  the  filter  to  the  top  of  the  absorption  tower — approximately  a 

60-foot  head. 

Drying  Furnace. 

Material  to  be  dried  daily,  84.5  tons  containing  a  maximum  of  25  per  cent  water. 
Because  of  the  neceaaity  of  drying  at  comparatively  low  temperatures,  a  steam  drier 
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would  probably  be  necessary.  It  is  estimated  that  the  gases  fnxn  the  reductioa  fur- 
nace, if  burned  under  a  boiler,  should  furnish  sufficient  heat  energy  to  carry  on  the 
drying  operation. 

DisTiLUNo  Furnace  and  Condenser. 

Sixty-three  tons  of  dried  precipitate  per  day  must  be  heated  to  450^  C.  in  a  distilling 
furnace,  and  10  tons  of  sulphur  distilled.  For  this  purpose  a  muffle-type  furnace, 
equipped  with  rabbles  or  other  stirring  devices,  may  be  used .  A  revolving  cylindrical 
retort  also  might  be  employed.  The  circulation  of  a  stream  of  sulphur  dioxide  through 
the  distilling  furnace  into  the  condenser  will  facilitate  the  distillation  of  sulphur. 

The  daily  fuel  consumption,  unless  waste  heat  were  available,  would  probably  be 
3  to  4  tons  of  coal,  or  12  to  16  barrels  of  oil,  depending  on  the  construction  of  the  fur- 
nace. However,  the  waste  heat  from  the  reduction  furnace  can  also  be  utilized  for  the 
distillation  and  the  actual  fuel  consumption  would  be  much  lees.  Coke  or  coal  could 
not  be  mixed  with  the  material  to  be  heated  in  the  distilling  fiuiiace,  for  there  would 
result  the  formation  of  some  carbon-sulphur  compoimds,  or  compounds  of  sulphur  and 
hydrocarbons,  which  would  reduce  the  purity  of  the  sulphur  condensed. 

The  residue  consists  of  barium  sulphate,  sulphate,  oxide,  carbonate,  and  possibly 
some  sulphide.  It  is  pulverulent  and  is  ready  for  mixing  vdih.  the  pulverized  coal  or 
coke. 

Pulverizer  for  Coal  or  Coke  and  Mixer. 

Coke  or  coal,  pulverized  to  at  least  160  mesh,  or  lampblack  carbon  must  be  mixed 
intimately  with  the  residue.  Fifteen  per  cent  fixed  carbon  should  be  provided.  Mix- 
ing may  be  accomplished  in  a  tube  mill,  as  the  material  is  taken  from  the  distiiling 
furnace  and  is  then  sent  directly  to  the  reduction  furnace,  thus  saving  heat. 

Residue  from  distilling  furnace,  53  tons.  BaSOs  and  BaSOf  present,  45  to  48  tons. 
Carbon  to  be  mixed,  6  tons  of  coke,  or  13  tons  of  coal. 

a 

Reduction  Furnace. 

The  daily  charge  to  the  reduction  furnace  would  be  53  tons  of  barium  compounds, 
containing  45  to  48  tons  ofBaSOj  plus  BaS04,  with  6  tons  of  carbon,  as  coke,  or  13  tons 
as  coal. 

The  maximum  temperature  desired  in  the  furnace  would  be  about  1050°  C.  In  order 
that  the  reduction  be  accomplished  most  effectively,  the  material  should  be  heated 
rapidly  to  850°  C.  or  higher  and  should  be  put  through  the  furnace  in  a  short  tiiue. 

Rather  than  realize  in  the  reducing  furnace  the  maximum  heat  value  of  the  fuel 
burned  in  the  furnace  it  would  probably  be  preferable  and  most  economical  to  allow 
the  furnace  gases  to  leave  the  reducing  furnace  while  still  very  hot,  that  is,  about  500°C. 
This  waste  heat  could  then  be  utilized  in  the  distilling  furnace  or  in  a  boiler,  and  at 
the  same  time  any  combustible  gases  present  in  these  gases  could  be  burned  to  furnish 
steam  for  the  drying  operations. 

A  cement  kiln  about  70  feet  long  and  7i  feet  in  diameter  would  probably  handle 
the  material  in  24  hours.  For  this  purpose  the  fuel  consumption  would  be  about 
6  tons  of  bituminous  coal  with  a  heating  value  of  about  12,000  British  thermal  units 
per  pound,  or  20  barrels  of  crude  oil  per  day. 

If  reduction  was  affected  in  a  muffle  type  furnace,  the  fuel  consumption  would 
undoubtedly  be  almost  twice  as  great  as  in  a  direct-fired  furnace.  If  estimates  of  the 
fuel  consumption  are  based  on  the  current  practices  of  muffle-furnace  reductions,  a 
fuel  consumption  of  one-third  of  a  ton  of  coal  per  ton  of  material  reduced  would  be 
very  low.  This  would  mean  15  to  16  tons  of  coal  per  day  for  carrying  on  the  reduction 
in  the  muffle  furnace. 
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Electrical  Precipitation  Appaiiatus. 

Electricfti  pfecipitation  apparatus,  to  handle  approximately  10,000  cubic  feet  of 
gas  per  minute  at  450°  C,  and  to  recover  about  2  tons  of  dust  per  day. 

Pulverizer. 

The  reduced  material,  35  to  40  tons,  must  be  pulverized  to  at  least  80  mesh  before 
it  can  be  used  as  a  precipitant  satisfactorily.  The  finer  the  material  is  ground,  the 
more  readily  will  the  comparatively  insoluble  products  react  with  sulphur  dioxide  in 
the  solution. 

Leaching  Tank. 

It  would  be  necessary  to  provide  for  leaching  the  water-soluble  compounds  from  the 
reduced  material  whenever  the  proportion  of  the  barium  sulphide  was  reduced  to 
60  or  65  per  cent  of  the  total.  If  the  reductions  are  effected  in  a  cement  kiln  it  would 
probably  be  necessary  to  leach  4  or  5  tons  of  material  a  day.  The  solution  of  barium 
eolphide  would  have  to  be  returned  to  the  agitation  tank  or  to  the  precipitation  tank. 

Agitatino  Tank. 

Agitating  tank  for  converting  barium  oxide  to  sulphite  or  sulphate,  to  handle  3  or  4 
tons  a  day. 

This  taikk  would  have  to  be  covered  to  prevent  the  escape  of  sulphur  dioxide  gam, 
A  ball  or  pebble  mill  would  be  effective  for  this  operation. 

CONSTBTTCTIOK  COST. 

An  estimate  of  the  cost  .of  construction  of  a  10«tton  plant  equipped 
as  above  outlined,  with  all  the  necessary  accessories,  based  on  the 
cost  of  material,  etc.,  in  1913,  indicates  that  the  cost  would  be  about 
$40,000. 

ESTDfATEB  COST  OF  PBODTTCTION. 

An  estimate  of  the  cost  of  production  of  sulphur  from  such  an 
installation  producing  10  tons  a  day  has  been  made,  based  on  costs 
of  material  and  labor  as  foUows: 

CoOs  of  material  and  labor  used  as  bans  for  esUmate  of  cost  of  production  of  svlphur  from 

lO'ton  plant. 

Fuel: 

Coal,  per  ton $3.00 

Oil,  per  barrel 80 

Reducing  agent: 

Coal,  per  ton 3.00 

Lampblack,  carbon,  or  coke,  per  ton 6. 00 

Barium  sulphate,  per  ton 7. 50 

Power,  per  horsepower  hour 007 

Labor: 

Common,  per  day 2. 50 

SkiUed,  per  day 3.50 
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The  detailed  estimate  of  the  cost  of  production  of  sulphur  follows : 

Detailed  estimates  of  cost  of  production  of  sulphur  from  10-ton  plant. 

Power,  including  power  for  pumping  solutions  and  precipitate 
sludge,  for  operating  incorporator,  agitator,  filter,  drying  fur- 
nace, pulverizer,  mixer,  and  reduction  kiln,  and  for  causing 
gases  to  circulate  through  absorption  towers $6. 00 

Fuel  and  reducing  carbon 00. 00 

Labor: 

1  skilled  operator  per  shift  at  $3.50 $10. 50 

2  attendants  per  8-hour  shift  at  $2.50 15. 00 

I  furnace  man  per  shift  at  $3 9. 00 

34.60 

Barium  sulphate,  unavoidable  loss — 5.00 

Interest  (6  ]>er  cent)  and  depreciation  (including  repairs),  16.5 

percent. .  .: 24.50 

Total 130.00 

Cost  per  ton  of  sulphur 13 .00 

With  a  larger  plant,  some  of  these  items,  especially  that  of  labor, 
would  be  somewhat  decreased  per  ton  of  sulphur  produced.  Witti 
a  20-ton  plant,  the  cost  would  be  about  $12  per  ton. 
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THE  USE  OP  MUD-LADEN  FLUID  IN  OIL  AND  GAS 

WELLS. 


Il«TEODUCTION. 

The  Bureau  of  Mines  is  investigating  the  technology  of  petroleum 
and  its  products,  the  investigation  including  well-drilling  methods 
and  the  transportation,  treatment,  and  utilization  of  petroleum  and 
of  natural  gas,  with  especial  reference  to  the  prevention  of  waste 
and  to  increased  efficiency  in  the  development  of  oil  and  gas  resources 
in  land  belonging  to  or  controlled  by  the  Government. 

During  the  winter  of  1912-13  the  enormous  waste  of  the  gas  en- 
countered while  drilling  for  oil  in  the  Gushing  field,  Oklahoma, 
called  forth  protests  from  various  sources,  and  appeal  was  made  to 
the  President  of  the  United  States  and  to  the  Secretary  of  the 
Interior  in  behalf  of  the  landowner  and  of  the  public  in  general. 

The  facts  were  wanted  regarding  the  amount  of  waste  and  the 
technical  conditions  that  were  responsible  for  practices  causing  it. 

An  investigation  was  ordered  and  conducted  under  the  direct 
supervision  of  the  late  J.  A.  Holmes,  the  first  Director  of  the  Bureau 
of  Mines.  E.  S.  Blatchley  was  sent  to  investigate  the  amount  of 
waste  going  on  in  the  Mid-Continent  fields.*  In  the  latter  part  of 
March,  1913,  J.  A.  Pollard  and  A.  G.  Heggem  were  sent  to  Oklahoma 
to  study  well-drilling  methods  with  reference  to  the  waste  of  gas 
from  wells  on  Indian  lands  and  to  suggest  means  of  preventing  the 
waste  of  natural  gas  on  such  lands. 

Pollard  and  Heggem  decided  that  the  mud-laden  fluid  process, 
which  had  been  used  successfully  for  some  years  in  Texas,  Louisiana, 
and  California  was  the  method  that  would  meet  the  situation  most 
efficiently  and  economically.  The  method  was  accordingly  demon- 
strated in  Oklahoma. 

In  1914  Congress  provided  for  the  employment  of  six  oil  and  gas 
inspectors  to  supervise  oil  and  gas  mining  operations  on  lands  of  the 
Five  Civilized  Tribes  in  Oklahoma  and  to  conduct  investigations 
with  a  view  to  the  prevention  of  waste.  Positions  under  this  appro- 
priation have  been  held  by  William  F.  McMurray,  James  O.  Lewis, 

"  Blatchley,  B.  8.,  Waste  of  oU  and  gas  in  the  Mid-Continent  fields :  Tech.  Paper  45, 
Boreaa  of  Mines,  1918,  54  pp. 
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Harry  D.  Aggers,  Ralph  R.  Weed,  George  W.  McPherson,  James  C. 
Fowler,  Louis  W.  Courtney,  and  Carl  H.  Beal,  the  technical  work 
of  these  men  being  directed  by  W.  A.  Williams,  chief  of  the  petro- 
leum division,  Bureau  of  Mines.  After  careful  and  impartial  inves- 
tigation of  conditions  in  Oklahoma,  these  men  also  decided  that  the 
mud-laden  fluid  process  was  the  one  best  adapted  to  prevent  further 
wastes. 

In  1915  laws  were  passed  by  the  State  of  Oklahoma  that  provide 
for  the  conservation  of  natural  gas  and  oil,  authority  being  given  to 
the  corporation  commission  to  make  rules  and  regulations  and  to 
employ  agents  to  enforce  them.  After  hearings  and  investigations, 
the  corporation  commission  reached  substantially  the  same  conclu- 
sions as  the  Federal  agents  regarding  the  importance  of  the  wastes 
and  the  best  methods  of  conserving  the  gas. 

Technical  Papers  66"  and  68^  were  published  by  the  Bureau  of 
Mines  in  December,  1913,  and  January,  1914,  req)ectively.  Techni- 
cal Paper  66  deals  with  the  mud-laden  fluid  process  in  general  and 
No.  68  with  its  application  in  Oklahoma.  The  interest  aroused  by 
these  publications  has  been  so  widespread  that  within  two  years  the 
first  editions  have  been  practically  exhausted.  Rather  than  reprint 
these  publications,  it  has  been  considered  advisable  to  replace  them 
with  the  present  report,  which  includes  the  results  of  more  recent 
investigationi^ 

The  methods  of  using  the  mud-laden  fluid  are  an  outgrowth  of  the 
rotary  drilling  system,  which  was  developed  in  Texas  and  later  em- 
ployed in  Louisiana  and  California.  Some  of  the  principles  of  the 
use  of  mud  fluid  had  been  observed  and  used  to  a  limited  extent  for 
a  long  time  in  cable-tool  drilling.  So  far  as  known  it  was  first  used 
successfully  with  a  circulator  and  cable  tools  in  the  Coalinga  field, 
California,  in  1906,  Harry  D.  Aggers,  one  of  the  contributors  to  this 
paper,  working  on  the  well.  The  part  of  the  Bureau  of  Mines  has 
been  to  call  attention  to  its  merits  and  to  demonstrate  its  practical 
use  in  fields  like  those  of  the  Mid-Continent 
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methods  of  prevention :  Tech.  Paper  130,  Bureau  of  Mines,  1916,  31  pp. 
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Mines  has  been  used  freely.  In  addition  to  the  information  gath- 
ered by  the  Bureau  of  Mines  and  the  oil  and  gas  inspectors  in  the 
Five  Civilized  Tribes,  information  of  value  has  been  acquired  from 
the  gas  conservation  officers  for  the  State  of  Oklahoma  and  from 
many  individuals,  associations,  and  companies. 

WASTES  OF  NATUBAL  GAS. 

The  Bureau  of  Mines  since  its  inception  in  1910  has  directed  much 
effort  toward  informing  the  public  of  the  importance  of  the  wastes 
of  natural  gas  and  toward  finding  preventive  measures.  In  order 
to  convey  an  idea  of  the  necessity  of  more  efficient  methods  of 
utilization,  a  few  cases  of  the 'waste  of  gas  are  cited. 

In  the  Findlay  field,  Ohio,  the  Karg  well  alone  wasted  not  less 
than  1,500,000,000  cubic  feet.* 

The  Minshall  gas  well,  drilled  in  the  Macksburg  field  of  Ohio,  was 
allowed  to  blow  into  the  air  for  a  period  of  10  years.  It  was  put 
under  partial  control  in  1885,  when  it  had  a  measured  volume  of 
4,500,000  cubic  feet  daily  and  a  rock  pressure  of  425  pounds.  It 
was  not  entirely  closed  in  until  two  years  later.  The  total  volume 
wasted  could  not  have  been  less  than  15,000,000,000  cubic  feet,  with 
a  fuel  value  equivalent  to  750,000  tons  of  coal.* 

White  ^  speaks  of  waste  in  Kentucky  and  West  Virginia  as  follows : 

From  one  weU  in  eastern  Keptncky  there  poured  a  stream  of  gas  for  a  period 
of  20  years  without  any  attempt  to  shut  it  In  or  utilize  It,  the  amount  of  which 
it  has  been  figured  was  worth  at  current  prices  more  than  $3,000,000. 

In  my  own  State  of  V^est  Virginia  only  eight  years  ago  not  less  than 
500.000,000  cubic  feet  of  this  precious  gas  was  dally  escaping  Into  the  air  from 
two  counties  alone,  practically  all  of  which  was  easily  preventable  by  a 
moderate  expenditure  for  additional  casing. 

The  commission  on  the  conservation  of  natural  resources  in  Louisi- 
ana found  that  at  one  time  75,000,000  cubic  feet  of  gas  was  wasting 
daily  in  the  Shreveport  field,  one  well  alone  wasting  $2,000  worth. 
Arnold  and  Clapp  state  that  at  certain  times  as  much  as  400,000,000 
cubic  feet  has  been  wasted  daily  in  the  Caddo  field,  Louisiana,  and 
that  two  wells  with  an  estimated  volume  of  20,000,000  to  30,000,000 
cubic  feet  daily  burned  for  several  years  without  restraint.** 

In  drilling  for  oil  in  the  Buena  Vista  Hills  field,  California,  one 
gas  well  was  opened  that  wasted  at  least  55,000,000  cubic  feet  per  day 
for  three  months  before  it  was  finally  got  under  control.  At  least 
5,000,000,000  cubic  feet  of  gas,  valued  at  25  cents  per  1 ,000  cubic  feet, 
or  $1,250,000,  was  lost  from  this  one  well  alone.*' 

*  Orton,  EC,  and  others*  Economic  geology  :  Ohio  Geo!.  Survey,  \x>\.  6,  p.  133,  1888. 

*  Statement  of  Orton  Don,  Marietta,  Ohio. 

'  White,  I.  C,  Address  at  conference  on  the  conservation  of  natural  resources,  May  1 3, 
IdOS. 

'Arnold,  Ralph,  and  Clapp,  F.  G.,  Wastes  In  the  production  and  utilization  of  natural 
gas  and  means  for  their  prevention :  Tech.  Paper  38,  Bureau  of  Mines,  1913,  pp.  S-0. 

'.Imold,  Ralph,  and  Clapp,  F.  G.,  Op.  clt.,  p.  10. 
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One  well  in  the  Petrolia  field  near  Wichita  Falls,  Tex.,  flowed 
unrestricted  for  11  months,  during  which  time  the  loss  is  estimated 
to  have  been  approximately  4,000,000,000  cubic  feet." 

Blatchley  estimated  that  the  waste  of  gas  in  the  Mid-Continent 
fields  to  the  end  of  1912  would  be  425,000,000,000  cubic  feet  as  a  con- 
servative estimate.^  The  heating  value  would  be  equivalent  to  ap- 
proximately 21,250,000  tons  of  coal. 

One  well  in  the  Osage  Reservation,  Okla.,  was  allowed  to  blow  for 
a  year  and  a  half,  at  the  end  of  which  time  it  was  shut  in  by  the  use 
of  mud-laden  fluid  and  was  found  to  gage  12,500,000  cubic  feet  daily 
from  one  sand  alone.  The  amount  of  gas  which  escaped  to  the  sur- 
face could  not  have  been  less  than  6,000,000,000  cubic  feet.  The  total 
waste  of  gas  from  this  and  other  sands,  both  to  the  surface  and  under- 
ground, was  far  greater. 

A  shallow  gas  well,  520  feet  deep,  located  in  the  Gushing  field, 
Oklahoma,  wasted  1,500,000,000  cubic  feet  of  gas  in  50  days.  Prac- 
tically every  deep  well  in  this  field  wasted  many  millions  of  cubic 
feet  of  gas  while  drilling.  Wells  wasting  25,000,000  cubic  feet  or 
more  daily  were  numerous.  At  times  the  waste  exceeded  500,000,000 
cubic  feet  daily.  In  still  weather  the  field  was  overhung  with  a  haze 
of  gas  and  oil  vapors,  and  the  amount  of  gas  in  the  air  was  so  great 
that  no  fires,  open  lights,  or  automobiles  were  allowed  among  the 
wells.  Much  damage  was  done  and  many  lives  were  lost  by  the 
ignition  of  gas  which  had  traveled  many  hundreds  of  feet  from  its 
source.  Probably  the  waste  in  the  Gushing  field  has  never  been 
exceeded  in  any  other  field.  In  May,  1915,  an  estimate  was  made  by 
W.  F.  McMurray  and  H.  D.  Aggers,  United  States  oil  and  gas  in- 
spectors, which  showed  that  207,000,000  cubic  feet  of  gas  was  wasting 
into  the  air  from  360  wells  only.  This  was  after  the  greatest  waste 
had  taken  place,  and  included  less  than  half  of  the  wells.  There  is 
no  way  of  determining  the  total  waste,  but  for  the  three  years  ending 
in  1915,  it  was  probably  not  less  than  250,000,000,000  cubic  feet; 
equivalent  in  fuel  value  to  12,500,000  tons  of  coal.  For  a  period  of 
many  months,  the  rock  pressure  declined  at  the  rate  of  one  or  two 
pounds  a  day.  By  far  the  largest  part  of  this  waste  could  have  been 
prevented  without  difficulty  by  the  use  of  mud-laden  fluid,  and  it  is 
evident  that  the  saving  of  gas  would  have  recompensed  the  operators 
many  times  over  for  the  comparatively  small  additional  expense. 

These  cases  I'epresent  only  a  few  of  the  more  striking  instances 
of  waste  in  various  fields  of  the  United  States.  There  are,  also, 
thousands  of  instances  individually  of  less  importance,  whose  aggre- 
gate waste  greatly  exceeds  that  from  the  smaller  number  of  con- 

"  Blatchley,  R.  S.,  Waste  of  oil  and  gas  In  the  Mid-Continent  fields :  Tech.  Paper  45, 
Bureau  of  Mines,  1913,  p.  43. 
*  Blatchley,  R.  S.,  Op.  clt.,  p.  47. 
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spicuously  large  wells.  Frequently  the  amount  of  gas  utilized  has 
been  but  a  small  percentage  of  the  content  of  the  field,  and  it  is 
believed  to  be  no  exaggeration  to  say  that  not  half  of  the  natural 
gas  so  far  developed  has  been  utilized. 

WAYS  nr  WHICH  NATXTBAL  GAS  IS  WASTED. 

Ways  in  which  natural  gas  is  wasted  from  wells  for  which  mud- 
laden  fluid  may  be  employed  as  a  preventive  measure,  are:  (1)  Dur- 
ing the  drilling  of  wells;  (2)  from  behind  casings;  (3)  from  un- 
controlled or  wild  wells;  (4)  from  wells  on  fire;  (5)  through  de- 
fective casing,  packers,  or  casing  seats;  (6)  by  unsystematic  ways  of 
casing  wells  in  a  field,;  (7)  by  not  separating  gas  sands  from  pro- 
ducing oil  sands;  (8)  by  migration  from  gas  sands  into  other  strata; 
(9)  by  the  drowning  out  of  gas  by  water  from  other  strata;  (10) 
from  improperly  plugged  wells. 

The  larger  part  of  the  waste  that  has  taken  place  in  the  past 
could  have  been  prevented  with  the  knowledge  and  equipment  then 
available.  However,  some  of  the  wastes  could  have  been  controlled 
only  by  the  knowledge  that  has  been  gained  in  recent  years.  At 
present,  cases  where  waste  can  not  be  prevented  by  reasonable  fore- 
sight and  expense  are  exceptional. 

The  greatest  wastes  of  natural  gas  have  taken  place  in  fields  which 
were  being  developed  for  oil.  In  most  oil  fields,  much  gas  is  found 
in  sands  above  the  oil  or  in  the  same  sand  as  the  oil.  If  a  well  is 
being  drilled  by  one  of  the  usual  methods,  the  gas  becomes  a  hin- 
drance to  drilling,  and  the  driller  regards  it  as  a  nuisance.  Or  the 
gas  may  be  found  in  a  field  where  it  has  little  or  no  immediate  com- 
mercial value,  and  hence  is  allowed  to  escape  into  the  air  without 
restraint.  It  has  been  a  frequent,  practice  to  allow  the  gas  to 
escape  freely  while  the  well  is  being  drilled  through  the  gas-bearing 
sands  in  search  of  oil  (PI.  I,  -4),  or  the  gas  has  been  allowed  to 
blow  into  the  air  for  long  periods,  for  the  purpose  of  reducing  the 
volume  and  pressure  so  that  drilling  may  be  conducted  with  less 
effort  in  later  wells.  Such  great  wastes  are  believed  to  be  altogether 
unnecessary,  for  the  preventive  methods  that  are  described  in  this 
paper  have  proved  to  be  entirely  practicable. 

In  a  field  where  much  gas  overlies  the  oil,  the  usual  dry-hole 
methods  of  drilling  can  not  be  employed  without  danger  afltid  \vaste. 
In  the  Mid-Continent  fields  alone  during  recent  years  there  have 
been  a  large  number  of  deaths  and  serious  accidents  from  burning 
gas  (see  PI.  I,  i?)  while  wells  were  being  drilled.  These  accidents 
and  the  great  hazard  from  fire  risk,  to  say  nothing  of  the  great 
waste  of  gas,  could  not  have  happened  if  the  mud-fluid  method  were 
properly  used. 
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To  place  a  casing  properly,  the 
drill  hole  must  be  large  enough  to 
allow  the  couplings  to  slip  freely 
down  the  hole.  There  is,  therefore, 
a  space  of  an  inch  or  more  between 
f  the  casing  and  the  walls  of  the  hole 
(fig.  1).  This  makes  a  free  path 
around  the  casing,  which  allows  oil, 
gas,  or  water  to  pass  freely  from  one 
stratum  to  another  or  to  the  surface. 
The  water  may  drown  out  the  oil 
or  gas,  the  gas  may  escape  into 
porous  strata,  thus  reducing  the  vol- 
ume and  pressure  until  it  is  of  no 
?  commercial  value,  or  fresh  water 
may  be  spoiled  by  oil  or  salt  water. 
By  the  use  of  mud  fluid  this  inter- 
communication behind  the  casing  is 
prevented  (fig.  2). 

^         IMPORTANCE  OF  UNDERGROUND  WASTE. 

The  importance  of  underground 
waste  has  not  been  given  as  much 
attention  as  the  facts  warrant,"  To 
prevent  such  waste  it  is  necessary 
to  confine  closely  oil  and  gas  to 
the  strata  in  which  they  are  found, 
otherwise  they  will  dissipate  through 
the  formations  and  may  not  be  re- 
covered (fig.  3).  One  of  the  most 
common  arguments  against  shutting 
in  gas  has  been  that  once  a  deposit 
has  been  opened  up,  the  gas  can  not 
be  held  underground,  but  in  some 
way  escapes,  and  therefore  any  ex- 
pense incuri-ed  in  shutting  it  in  is 
not  warranted.  If  the  gas  is  closely 
confined  to  its  original  stratum  it 
can  be  held  for  future  markets.  It 
is  believed  that  the  use  of  the  mud- 
laden  fluid  process  will  conserve  the 
gas  at  expenses  which  the  future 
returns  will  more  than  justify. 
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To  show  that  underground  waste  is  a  fact  which  has  been  estab- 
lished for  many  years,  the  following  is  quoted  from  the  first  report 
of  the  supervisor  of  natural  gas  in  Indiana,  issued  in  1891 :  • 

I  would  also  recommend  the  passage  of  a  law  regulating  the  packing  of  wells. 
A  large  number  of  wells  have  what  is  known  as  wall  packers.  By  this  is  meant 
that  the  packer  and  tubing  is  anchored  to  the  wall  of  the  well  in  the  shales,  in 
many  instances  as  much  as  four  and  five  hundred  feet  from  the  bottom  of  the 
well.  Incalculable  injury  is,  in  nearly  every  case,  done  by  this  method.  The 
gas,  aft^  its  release  from  the  Trenton  rock,  permeates  every  portion  of  porous 
rock  that  forms  the  wall  of  the  well  below  the  point  at  which  the  well  is  packed. 
It  spreads  itself  laterally  through  every  crevice  and  opening  that  is  found,  and 
thus  an  enormous  waste  is  maintained. 

In  many  parts  of  the  field  we  find  gas  escaping  through  the  earth  and  bubbling 
up  through  the  water  in  the  streams  and  in  water  wells.  In  some  instances  the 
escape  into  water  wells  has  been  so  strong  that  the  wells  have  been  closed  In 
and  the  gas  piped  into  the  houses  adjoining  and  found  sufficient  for  domestic 
consumption. 

All  this  may  be  attributed  to  the  Insufficient  packing  of  the  weUs  in  the 
vicinity.  The  great  upheaval  of  earth  and  rocks,  and  the  explosion  which  fol- 
lowed in  the  vicinity  of  Waldron,  Shelby  County,  which  occurred  August  11, 
1890,  was  due  to- the  gas  escaping  through  the  shales  and  below  the  packers 
from  the  wells  at  Waldron  and  St.  Paul.  The  gas  escaping  laterally  through  the 
shales  collected  in  subterranean  reservoirs  until  the  pressure  becanie  so  great 
as  to  cause  the  upheaval. 

The  waste  from  this  cause  has  resulted  in  vast  injury  to  the  field  in  different 
localities  by  reducing  the  pressure,  and  the  consequent  introduction  of  salt 
water. 

WATS  AND  ADTANTAGES  OF  USING  BfUD-LADEN  FLUID. 

DESCBTPTIOK  OF  MUD-LADEN  FLUID. 

In  this  bulletin  the  term  "mud-laden  fluid  "  is  applied  to  a  mixture 
of  water  with  any  clayey  material  which  will  remain  suspended  in 
water  for  a  considerable  time  and  is  free  from  sand,  lime  cuttings, 
or  similar  materials. 

Some  oil  workers  have  thought  "  mud-laden  fluid  "  implies  the  use 
of  any  of  the  drillings  from  the  well,  but  this  is  not  the  case,  for  if 
the  coarse  materials  in  the  drillings,  such  as  sand,  limestone  frag- 
ments, etc.,  are  left  in  the  fluid  they  will  settle  and  are  likely  to  pack 
around  the  tools  or  the  casing  and  cause  serious  troubles,  specific 
instances  of  which  are  described  in  Bureau  of  Mines  Technical 
Paper  68.^  The  fine,  sticky  clays  that  are  in  many  localities  termed 
"gumbo"  are  well  suited  for  the  purpose,  but  clay  or  shale  from 
other  formations  may  be  used,  provided  it  is  separated  from  the  sand 
and  other  coarse  materials  and  only  the  part  that  will  remain  sus- 

«  Gorby,  S.  S.,  and  others,  Indiana,  Geology  and  natural  history :  17th  Ann.  Rept.  State 
Geologist,  1891,  p.  338. 

»  Heggem,  A.  G.,  and  Pollard,  J.  A.,  Drilling  wells  In  Oklahoma  by  the  mud-laden  fluid 
method :  Tech.  l»aper  G8,  Bureau  of  Mines,  1914,  27  pp. 
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pended  in  water  is  used.  It  is  possible  to  use  drillings  from  almost 
any  formation  containing  clay  or  shale  after  proper  treatment  by 
settling. 

CONSISTENCY  OF  FLUID  TO  BE  USED. 

The  consistency  of  the  fluid  should  be  varied  according  to  the 
conditions  for  which  it  is  to  be  employed.  Most  frequently  mixtures 
with  a  specific  gravity  of  1.05  to  1.15  are  used  in  drilling — that  is,  5 
to  15  per  cent  heavier  than  water.  When  the  fluid  is  not  used  to 
drill  in,  thicker  fluid  is  often  employed,  which  has  the  advantages 
of  greater  weight  and  of  clogging  up  the  pores  more  readily.  Expe- 
rience soon  enables  the  operator  to  judge  the  consistency  of  fluid 
required  for  practical  uses. 

The  operator  who  is  unfamiliar  with  the  use  of  mud-laden  fluid 
is  likely  to  use  it  tbo  thin.  This  has  been  the  cause  of  much 
trouble  in  Oklahoma.  Such  fluid  acts  like  clear  water.  It  will  not 
clog  the  pores  of  the  sand  readily  and  hence  will  be  forced  into 
them  for  considerable  distances,  and  in  some  instances  near-by  wells 
have  been  affected.  It  is  also  likely  to  cause  caving  and  is  injurious 
to  the  sand,  or  it  may  not  have  sufficient  weight  to  overcome  high- 
pressure  gas.  The  only  limit  to  the  thickness  of  the  fluid  which  it  is 
possible  to  employ  is  whether  or  not  it  can  be  handled  by  the  pumps, 
but  it  must  be  a  fluid  and  not  a  pasty  clay. 

An  idea  of  the  consistency  ordinarily  required  can  be  obtained 
by  comparing  the  action  of  a  stream  of  clear  water  with  that  of  a 
stream  of  sand  pumpings  or  muddy  water  running  in  a  ditch.  The 
sand  pumpings  contain  clayey  material  which  is  deposited  on  the 
walls  and  especially  the  bottom  of  the  ditch,  where  it  forms  an  ever- 
thickening  protective  coating,  whereas  clear  water  cuts  away  the 
sides  and  bottom  of  the  ditch  and  may  cause  it  to  cave.  Between 
clear  water  and  water  containing  more  mud  than  it  can  hold  in  sus- 
pension, it  is  possible  to  find  a  mixture  of  clay  and  water  that  will 
deposit  particles  of  clay  as  a  fine  protective  coating,  while  the  rest 
of  the  clay  remains  in  suspension  and  passes  through  the  ditch. 

VABIATION   IN   FLUm  PREPARED  FROM  DIFFERENT  CLAYS  OR   SHAI/ES. 

There  is  considerable  variation  in  the  nature  of  fluids  derived  from 
different  clays  or  shales.  When  the  same  volumes  of  two  different 
materials  are  mixed  with  the  same  volumes  of  water  the  resulting 
fluids  may  differ  considerably  in  specific  gravity,  or  of  two  fluids  of 
the  same  specific  gravity  one  naay  be  more  viscous  or  thicker  than 
the  other. 
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SETTLING  OF  MUD  FLUID. 


An  important  consideration  and  one  that  has  raised  numerous 
inquiries  is  the  amount  of  settling  which  a  mud  fluid  will  undergo. 
It  is  a  well-known  property  of  clays  and  similar  colloidal  materials 
that  they  will  remain  in  suspension  indefinitely.  One  sample  of 
mud  fluid  has  been  standing  for  three  years  without  appreciable 
settling  and  has  not  solidified.  Numerous  experiments  conducted 
on  short  columns  of  fluid  have  shown  that  it  will  settle  rapidly  for 
a  few  hours,  after  which  the  rate  of  settling  is  very  slow,  and  after 
a  few  days  is  practically  nil.  There  is  a  surprising  difference  in 
what  the  maximum  density  may  be.  Of  six  samples  collected  from 
oil  wells  in  southern  California  and  allowed  to  settle  two  months,  the 
variation  was  10  to  30  per  cent  excess  in  weight  over  that  of  clear 
water.  In  each  case  the  settled  part  was  still  fluid  and  not  very 
viscous.  It  was  also  found  that  the  final  density  in  a  short  column  of 
fluid  is  governed  largely  by  the  original  density.  For  instance,  two 
fluids  were  prepared  by  mixing  the  same  kind  of  material  in  different 
proportions  with  water,  one  having  a  density  5  per  cent  greater  than 
water  and  the  other  a  density  15  per  cent  greater  than  water.  The 
first  settled  to  a  much  lighter  consistency  than  the  second. 

When  the  fluid  settles  in  a  short  tube  it  separates  into  clear  or 
turbid  water  at  the  top  and  mud  fluid  at  the  bottom.  The  specific 
gravity  of  the  fluid  at  the  bottom  varies  in  the  manner  outlined 
above.  The  proportion  of  water  to  that  of  the  fluid  which  settled 
out  depends  principally  on  the*  specific  gravity  of  the  original  mud 
fluid,  and  the  lighter  the  original  fluid  the  greater  is  the  proportion 
of  water  to  the  settled  fluid  in  the  bottom  of  the  tube.  Although  the 
settling  takes  place  quickly  in  a  short  tube,  the  same  rate  of  settling 
applied  to  a  long  column  of  fluid  in  a  well  means  that  it  takes  a  very 
long  time  for  it  to  settle,  and  in  fact  there  is  reason  to  suspect  that 
behind  the  casing  complete  settling  does  not  take  place  even  after 
long  periods  of  time. 

When  the  fluid  has  settled  for  some  time  in  a  well  there  may  be 
water  near  the  top.  As  the  weight  of  material  in  the  well  remains 
the  same,  the  pressure  at  the  bottom^  of  the  column  of  fluid  is  the 
same  as  before  the  settling  occurred,  but  near  the  top  the  pressure 
will  be  decreased.  However,  the  mud  has  sealed  the  formations, 
and  no  oil  or  gas  can  pass  through  unless  the  pressure  within  the 
strata  is  sufficient  to  force  the  mud  out  of  the  pores  and  to  overcome 
the  water  pressure  in  the  hole.  When  the  fluid  is  to  be  left  in  the 
well  it  is  advisable  to  use  a  heavy  fluid  that  will  settle  very  little. 
If  there  should  be  formations  near  the  top  of  the  hole  which  it  is 
important  to  protect,  fresh  mud  fluid  can  be  put  in  after  the  original 
fluid  has  had  a  chance  to  settle. 
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All  the  evidence  obtainable  from  practical  experience  points  to  the 
fact  that  mud  fluid,  properly  mixed  and  employed,  does  not  solidify 
behind  the  casing,  even  in  deep  wells  and  after  long  periods  This 
has  been  the  experience  in  Texas  and  Louisiana  with  rotary  wells, 
and  in  Ohio  with  wells  drilled  by  cable  tools. 

DETRIMEl^TAL  EFFECT  OF  COARSE  MATERIALS  IN  THE  FLUID. 

Sand  or  other  coarse  materials  in  the  fluid  will  ordinarily  settle 
out,  but  if  the  fluid  is  too  thick  they  may  be  held  in  suspension,  and  in 
such  cases  it  has  been  found  by  experiment  that  the  sand  suspended  in 
the  fluid  offers  much  resistance  to  anything  being  forced  through. 
The  action  on  a  string  of  casing  of  sand  suspended  in  the  fluid  is  un- 
doubtedly to  increase  the  friction  on  the  casing,  and  may  be  instru- 
mental in  making  it  so  '^  loggy ''  that  it  can  not  be  moved. 

AGTIOK  OF  MTTB  FLUID  OK  FOSOUS  FOSMATIOKS. 

The  action  of  mud-laden  fluid  in  a  sand  or  other  porous  formation 
can  be  likened  to  the  action  of  muddy  water  going  through  a  filter. 
In  any  filter  that  has  been  used  for  some  time  it  will  be  found  that 
most  of  the  sediment  from  the  water  has  been  deposited  on  the  sur- 
face of  the  filter,  but  some  of  it  has  entered  the  filter,  the  proportion 
diminishing  with  the  distance  penetrated.  The  distance  to  which  mud 
from  the  fluid  in  the  well  will  penetrate  a  porous  formation  depends 
partly  on  the  combined  pressure  produced  by  the  column  of  fluid  and 
the  pump,  and  partly  on  the  consistency  of  the  fluid  and  the  porosity 
of  the  formation.  At  first  the  fluid  will  enter  the  formation,  but 
finally  the  mud  will  clog  the  pores  and  no  more  water  will  go  through. 
Ordinarily,  if  a  thick  fluid  is  used  on  the  sands  encountered  in  the 
well,  it  will  not  penetrate  to  any  great  distance  even  under  high 
pressure,  but  if  the  fluid  is  too  thin  it  may  not  clog  the  pores  readily 
and  will  act  more  like  clear  water,  which  may  enter  a  sand  indefi- 
nitely. Occasionally  a  very  coarse  sand,  a  fissured  formation,  or  a 
porous  limestone  is  found  into  which  even  thick  fluid  may  penetrate 
for  some  distance. 

When  no  more  fluid  will  enter  the  sand  or  porous  formation  a 
barrier  or  plug  that  is  impervious  to  oil,  gas,  or  water  has  been 
formed  within  the  sand  surrounding  the  hole.  This  plug  is  held  in 
place  partly  by  the  resistance  to  movement  of  the  mud  deposited  in 
the  pores  of  the  formation,  but  principally  by  the  excess  of  pressure 
produced  by  the  column  of  fluid  in  the  hole.  If  the  column  of  fluid 
is  removed  the  pressure  within  the  sand  will  usually  force  out  the 
mad,  and  the  oil,  gas,  or  water  will  enter  the  hole  again ;  but  as  long 
as  a  sufficient  column  of  fluid  remains  in  the  hole  the  contents  of  the 
sealed  formation  can  not  enter  the  hole.    It  is  believed  that  the 
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efficiency  in  sealing  off  the  porous  formations  in  a  well  depends  more 
upon  the  mud  forced  into  the  pores  of  the  formation  and  retained  by 
the  weight  of  the  column  of  fluid  than  upon  the  mud  plastered  on  the 
walls  of  the  hole,  although  the  mud  coating  probably  aids  in  protect- 
ing the  walls  from  caving. 

When  a  well  has  been  treated  with  mud  fluid  the  contents  of  each 
formation  is  confined  to  its  original  stratum,  so  that  there  can  be  no 
movement  of  oil,  water,  or  gas  either  from  the  sands  into  the  well, 
from  the  well  into  the  sands,  or  from  one  sand  into  another.  Thus 
waste  and  intermingling  are  prevented,  corrosive  waters  can  not 
reach  and  attack  the  casing,  and  the  strata  are  entirely  sealed  off  from 
each  other  as  they  were  before  the  well  w^as  drilled. 

Mud  fluid,  besides  preventing  caving,  as  stated  above,  is  also  an  aid 
in  keeping  loose  sands  from  entering  the  hole.  The  fluid  clogs  up 
all  pores  or  crevices,  and  makes  a  solid  wall  which  the  weight  of  the 
fluid  in  the  hole  will  hold  up.  Furthermore,  the  mud  which  has 
entered  the  formations,  or  is  plastered  on  the  walls,  protects  them 
from  contact  with  air  and  water,  which  would  cause  slaking  and 
caving.  The  fluid  is  especially  helpful  in  drilling  through  a  loose 
sand  that  otherwise  would  run  into  the  hole  and  make  drilling 
difficult. 

DISADVANTAGES  OF  USING  CLEAR  WATER. 

Some  drillers  contend  that  clear  water  should  have  the  same  effect 
as  the  mud-laden  fluid,  but  experience  has  shown  that  it  does  not. 
Many  wells  can  not  be  filled  with  clear  water,  because  the  water  con- 
tinues to  flow  into  the  sand  indefinitely  with  no  clogging  effect  and 
consequently  does  not  rise  high  enough  in  the  well  to  give  sufficient 
pressure  to  overcome  that  of  the  gas.  Moreover,  the  action  of  the 
water  on  the  walls  of  the  hole  causes  caving,  and  an  attempt  to  use 
clear  water  in  a  well  invites  trouble  and  may  injure  the  producing 
sands. 

The  action  of  the  mud  fluid  is  entirely  dissimilar  to  that  of  clear 
water.  The  fluid  enters  the  porous  stratum  for  a  short  distance  and 
deposits  mud,  which  clogs  the  openings  and  finally  prevents  further 
inflow  of  fluid.  Clear  water  thus  lacks  some  of  the  essential  proper- 
ties of  mud  fluid,  such  as  the  clogging  effect  and  the  greater  weight. 

9 

FBEPABIKG  MUD-LADEN  FLUID. 

The  mud-laden  fluid  may  be  prepared  from  clay  obtained  from  sur- 
face deposits  or  from  material  derived  from  drillings.  Ordinarily 
there  will  be  enough  clayey  or  shaley  material  in  the  formations 
encountered  in  the  well  to  provide  all  the  fluid  necessary.  This  has 
been  found  true  both  in  drilling  with,  rotary  tools  and  with  cable 
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tools.  In  order  to  save  time  in  preparing  the  fluid  for  use  in  the 
well,  it  is  recommended  that  a  slush  pit,  having  a  capacity  of  about 
300  barrels,  be  constructed  close  to  the  driU  rig,  into  which  materials 
suitable  for  making  mud-laden  fluid  may  be  run  whenever  encoun- 
tered in  drilling.  Drillings  from  sandstones  and  limestones  should 
not  be  allowed  to  enter  the  pit.    The  slush  pit  can  be  provided  with 
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FiGUJCE  4. — Ground  plan  of  equipment  used  in  handling  mud-laden  fluid. 

slight  expense,  and  the  mud  fluid  can  be  mixed  and  prepared  in  a 
few  hours  by  ordinary  unskilled  labor  whenever  it  is  desired.  Figure 
4  shows  one  arrangement  for  a  slush  pit  and  settling  pits.  An 
arrangement  for  use  with  the  circulator,  a  device  for  circulating  mud 
fluid  in  a  well,  is  shown  in  figure  5. 

Settling  out  sand,  limestone  cuttings,  etc.,  in  order  to  avoid  freez- 
ing of  easing  and  of  tools,  is  important. 
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METHODS  OF  INTBODUCING  MUD-LADEN  FLXTID  IKTO  THE  WEIiI<. 

The  method  of  introducing  mud  fluid  into  a  well  is  varied  accord- 
ing to  the  circumstances  under  which  it  is  to  be  employed. 


DERRICK  FLOOR 

Well    ill 


Sloth  pump' 


Seeding  trottgh. 


I 


Mixing  and  ttonit*  box-* 


FiGUBiD  5. — Diagram  of  equipment  for  circulating  mud-laden  fluid  In  a  well. 

It  is  not  advisable  to  let  the  fluid  run  down  the  walls  of  a  dry  hole 
because  to  do  so  may  cause  them  to  cave.  If  there  is  a  considerable 
amount  of  open  hole  in  a  well,  it  should  be  filled  by  dumping  the 
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fluid  into  the  bottom  of  the  hole 
with  a  bailer,  or  introducing  it 
tlirou^  a  string  of  tubing  or 
casing  which  reaches  to  the  bot- 
tom. When  high-pressure  gas 
has  been  struck  special  methods 
must  be  employed. 

THE  LUBRICATOR    METHOD. 

If  gas  has  been  struck  and 
the  well  is  blowing  gas,  and  the 
conditions  are  such  that  the  gas 
can  be  shut  in,  recourse  may 
be  had  to  a  method  which  has 
been  named  the  lubricator  sys- 
tem, one  arrangement  of  which 
is  shown  in  figure  6.  The  gen- 
eral features  of  this  particular 
arrangement  were  de\'ised  by 
A.  6.  Heggem,  who  employed 
his  control  casing  head  instead 
of  a  master  valve  and  tee.  The 
apparatus  consists  of  two  joints 
of  casing,  preferably  10-inch 
casing,  with  a  tee  at  the  bottom, 
which  in  turn  is  connected  by  a 
nipple  to  a  master  valve  placed 
on  the  head  of  the  well.  A 
2-inch  or  3-inch  pipe  leads  from 
the  slush  pump  into  the  tee  at 
the  bottom  of  the  lubricator, 
with  a  check  valve  near  the  tee 
and  an  emergency  gate  valve 
near  the  pump.  A  2-inch  pipe 
leads  from  the  top  of  the  lubri- 
cator down  the  side,  to  which 
it  is  lashed,  and  thence  to  the 
slush  pit,  a  gate-  valve  being 
placed  outside  the  derrick  at 
some  convenient  point.  The  wa» 
apparatus  can  be  assembled  ^"f{»fi'fi*  \  ^s/ush^ 
and  then  placed  on  the  well  as  ^'^^ 
a  unit.     In   this  manner   the  „         ^    ^^     ,     .  *  ^   *  «  «„h  i--^^ 

^   1-       JT  •      1      12        FiGCRB  6. — Device  for  Introducing  mud-laaen 

danger    of   handling   single    fit-  fluid  into  a  well  under  gas  pressure. 
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tings  or  putting  a  valve  on  a  gas  well  is  avoided.  If  a  long  crow- 
foot wrench  is  attached  to  the  master  valve  so  that  it  can  be  operated 
from  without  the  derrick,  there  is  ordinarily  no  necessity  for  any 
worker  to  be  in  the  derrick  while  the  apparatus  is  being  used,  thus 
reducing  to  a  minimum  the  danger  of  shutting  in  a  high-pressure 
gas  well.  After  the  lubricator  has  been  set  up  the  ordinary  crew  can 
operate  it. 

When  the  lubricator  has  been  set  up  the  master  valve  is  closed 
and  the  valves  on  the  pipe  from  the  pump  to  the  lubricator  and  on 
the  blow-off  pipe  are  opened.  The  mud-laden  fluid  is  pumped  into 
the  lubricator  until  it  is  filled  and  fluid  shows  in  the  blow-off;  then 
the  blow-off  valve  is  closed  and  the  master  valve  is  opened.  The 
fluid  then  drops  to  the  bottom  of  the  well,  being  replaced  in  the 
lubricator  by  an  equal  volume  of  gas.  After  waiting  two  or  three 
minutes  for  the  lubricator  to  empty,  the  master  valve  is  then  closed 
and  the  blow-off  valve  is  opened.  The  gas  in  the  lubricator  escapes 
through  the  blow-off  valve,  carrying  into  the  slush  pit  the  small 
amount  of  mud  fluid  that  may  have  remained  in  the  apparatus.  The 
lubricator  is  then  filled  again,  the  blow-off  valve  is  closed,  and  the 
master  valve  opened.  These  operations  are  repeated  imtil  the  column 
of  fluid  in  the  well  overcomes  the  giis  pressure  to  such  an  extent  that 
the  pump  can  force  the  mud  fluid  in  against  the  gas  pressure  and  fill 
the  well. 

It  has  been  found  desirable  in  some  cases  to  move  the  casing  while 
lubrication  is  going  on,  in  order  to  keep  the  pipe  free.  This  can  be 
done  by  handling  the  whole  apparatus  in  slings,  reaching  from  the 
collar  below  the  master  gate  to  the  casing  block  above  the  lubricator. 
If  the  gas  pressure  in  the  well  has  not  already  been  overcome  by  that 
of  the  fluid  in  the  hole,  the  casing  being  filled  must  be  worked  up  and 
down  through  a  bradenhead  or  casing  head  of  the  stufl5ng-box  type 
attached  to  the  next  larger  string  of  casing;  otherwise  the  fluid  would 
be  blown  out  between  the  casings  when  the  inner  casing  was  lifted 
off  the  seat. 

PUTTING  THE  FLUID  IN  A  WELL  THAT  CAN   NOT  BE  SHUT  IN. 

When  gas  is  blowing  from  a  well  and  can  not  be  shut  in,  perhaps 
because  of  the  small  amount  of  surface  casing  in  the  well,  or  possibly 
because  the  casing  was  not  properly  seated  so  that  the  gas  is  forced 
up  outside  of  the  casing  when  the  valve  is  closed,  the  method  shown 
in  figure  7  is  used.  At  such  a  well  it  becomes  necessary  to  insert  a 
string  of  tubing  with  a  back-pressure  valve  placed  on  the  bottom, 
or  preferably  a  wooden  plug,  which  is  advisable  because  a  back- 
pressure valve  may  get  out  of  order  at  some  critical  moment.  The 
wooden  plug  is  driven  lightly  into  the  bottom  of  the  tubing,  so  that  it 
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fan  be  forced  out  when  desired, 

tint   is  tigiit  enough  so  that  no  '^'^ 

sas  can  enter  the  tubing.    After 
the  tubing  has  been  lowered  to 

the  proper  depth  it  is  packed  or  '^^■'^ 

sealed  with  a  casing  tee  previ- 
ously placed  '  on  the  well.  To  ju^ 
control  the  flow  of  gas,  a  gate 
valve  should  be  placed  on  a  lat- 
eral discharge  of  this  tee.  As 
soon  as  the  mud  fluid  has  started 
down  the  well  through  the  tub- 
ing the  gate  valve  on  the  tee  can 
be  partly  closed  in  such  a  man- 
ner as  to  throttle  the  outlet  and 
to  prevent  the  mud-laden  fluid 

from  being  forced  out  of  the 
well  by  the  gas  pressure.    The 

weight    of    the    fluid    when    it 

reaches  the  bottom  of  the  tub- 
ing will  force  out  the  wooden 

plug. 

The  amount  of  throttling  nec- 
essary can   be   determined  only 

by  the  man  in  charge,  as  similar 

conditions  will  not   prevail  at 

any  two  wells.     However,  it  is 

not   difficult    to    ascertain    how 

much  the  gas  should  be  throt- 
tled.    If   the   well   is   emitting 

water  with  the  gas,  the  fluid  can 

be  put  in   just   as  readily  by 

this  method,  and  a  well  with  a 

capacity  of  as  much  as  40,000,000  -  '"^^ 

cubic   feet   of   gas   and   several 

thousand  barrels  of  water  daily 

has  been  quickly  controlled.    As 

is  evident,  the  full  rock  pressure 

of  a  well  is  not  maintained  in 

the  casing,  and  consequently  no 

blow-out  will   follow,  as  would 

happen  if  the  gas  were  foi'ced 


Vooden  plu^ 


e  surface  on  the  outside  of  f'""""  7.— Eiiuipm<iit  for  inti^uping  mud- 

,,  laden  Said  into  a  well  tbnt  can  not  be  nbut 

tne  casing.  in.    Well  section  ISBcnpraUa^. 
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OTHER  METHODS  OF  INTRODUCING  THE  FLUID. 

The  throttling  method  can  also  be  used  to  advantage  instead  of  the 
lubricator,  in  wells  that  can  be  diut  in,  if  the  volume  and  pressure  of 
the  gas  is  not  too  great.  The  fluid  is  pumped  in  directly  without  use 
of  the  equalizing  chamber.  As  care  must  be  taken  to  prevent  the 
internal  pressure  from  splitting  the  pipe  through  which  the  fluid  is  to 
be  introduced,  it  is  not  advisable  to  use  light  casing  when  it  is  to  be 
subjected  to  very  high  pressure. 

It  sometimes  becomes  necessary  to  introduce  the  mud  fluid  between 
casings  from  the  top  of  the  well.  This  should  be  avoided  if  possible, 
for  the  reason  that  the  fluid  will  carry  down  cavings  and  other  ma- 
terial which  may  lodge  against  the  couplings  at  some  point  in  the 
hole  and  form  a  bridge  which  will  keep  the  fluid  from  reaching  the 
bottom,  or  will  pack  around  the  casing  in  such  a  way  that  it  may  not 
be  possible  to  pull  the  casing  should  it  ever  be  desired  to  do  so.  Ex- 
perience shows  that  it  is  more  difficult  to  pull  casing  that  has  been 
"  mudded  "  in  this  way. 

If  the  gas  pressure  in  the  well  is  not  too  high,  a  string  of  casing 
can  be  "mudded^'  by  the  following  method,  which,  however,  is  not 
recommended,  for  the  reasons  given  below.  The  casing  is  set  below 
the  gas  sand  and  is  then  filled  to  the  top  with  mud  fluid.  When  the 
casing  is  raised,  the  fluid  will  rise  outside  the  casing  until  a  level  is 
reached  with  that  inside  of  the  casing.  The  well  is  usually  filled  to 
a  point  between  two-thirds  and  three-fourths  of  its  depth,  and  the 
height  of  the  fluid  ordinarily  is  sufficient  to  overcome  the  gas  pres- 
sure. The  hole  is  then  filled  to  the  top,  the  casing  is  seated,  and  the 
fluid  bailed  out  from  the  inside. 

Although  this  is  a  very  simple  and  quick  method,  it  has  serious  dis- 
advantages. If  the  well  is  drilled  through  gas,  the  gas  is  wasted 
while  the  sand  is  being  drilled  through  and  until  the  fluid  is  placed 
behind  the  casing.  There  is  also  great  danger  that  the  casing  may 
freeze  or  collapse  and  can  not  be  reseated  so  that  it  will  hold  in  the 
fluid.  In  a  well  1,000  feet  deep,  the  pressure  of  the  fluid  at  the  bot- 
tom will  be  500  to  600  pounds  per  square  inch,  and  will  increase  in 
deeper  wells  proportionately.  When  the  pipe  is  raised,  the  shoulder 
on  which  the  casing  rests  and  the  walls  of  the  hole  have  to  bear  the 
sudden  rush  of  this  large  weight  of  fluid,  and  unless  they  are  of  very 
firm  rock,  the  shoulder  will  be  destroyed  and  the  walls  of  the  hole 
gouged  out,  which  will  make  it  very  difficult  to  reseat  the  casing 
securely.  Furthermore,  the  material  loosened  from  the  walls  of  the 
hole  will  be  carried  up  between  the  casing  and  the  walls  of  the  hole 
for  some  distance,  and  then  will  settle  back  against  the  collars,  and  is 
likely  to  freeze  the  pipe,  or  it  will  be  jammed  suddenly  under  the  col- 
lars one  or  two  joints  from  the  bottom  with  such  gi*eat  pi*essure  as  to 
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crush  the  casing.  In  two  instances  this  method  resulted  in  crushing 
the  casing  at  the  second  joint  from  the  bottom.  In  many  others  it 
was  followed  by  trouble  in  seating  or  moving  the  casing. 

PROCEDURE    WHEN    THE    PRESSURE   OF    THE    COLUMN    OF   FLUID   IS 

INSUFFICIENT. 

It  occasionally  happens  that  the  pressure  in  a  gas,  oil,  or  water- 
bearing sand  may  exceed  the  pressure  exerted  by  a  column  of  fluid 
extending  to  the  top  of  the  well.  When  this  happens,  the  fluid  is 
blown  out  and  the  well  goes  "  wild."  It  then  becomes  necessary  to 
use  a  pump  to  overcome  the  gas  pressure  and  to  force  the  mud-laden 
fluid  into  the  sand.  Sufficient  pressure  should  be  allowed  to  remain 
on  the  well  for  at  least  two  or  three  hours  and  then  the  pressure 
should  be  relieved  slowly  and  carefully.  If  the  pressure  is  suddenly 
reduced,  the  column  of  fluid  may  be  violently  ejected  and  the  casing, 
fittings,  and  derrick  wrecked.  In  some  instances  it  has  been  found 
necessary  to  maintain  the  pressure  for  six  hours  or  more. 

SEALING  OFF  VERY   POROUS   OR   COARSE-GRAINED   FORMATIONS. 

Generally  when  a  sand  is  to  be  "mudded  oflf,"  a  comparatively 
thin  mixture  is  first  used,  and  this  is  followed  up  by  a  thick  fluid. 
If  the  fluid  is  to  be  left  in  the  well,  it  should  be  thickened  so  that 
there  will  be  but  little  settling. 

Occasionally  a  formation  may  be  struck  which  is  so  porous  and 
so  coarse  grained  that  difficulty  will  be  experienced  in  clogging  it 
with  the  fluid.  If  it  can  not  be  sealed  off  with  the  thickest  fluid 
possible  to  use,  it  may  be  necessary  to  eiriploy  substances  like  saw- 
dust, chopped  straw  or  chopped  rope,  or  other  materials  which  will 
pack  into  tiie  pores  of  the  sand  so  that  it  will  hold  the  mud.  Trouble 
may  arise  from  such  material  clogging  the  pump,  but  if  necessary 
the  lubricator  can  be  employed  in  such  a  way  that  the  material  can 
be  introduced  without  passing  it  through  the  pump. 

TYPE  OF  PUMP  TO  BE  USED  WITH  MUD  FLXHD. 

A  pump  specially  designed  for  handling  thick  mud  fluid  should 
be  used.  The  type  is  generally  known  in  the  oil  fields  as  a  "  slush 
pump"  and  is  fitted  with  removable  liners  and  insert  valves.  An 
8-inch  by  5-inch  by  10-inch  pump,  weighing  less  than  2,000  pounds, 
has  been  successfully  used  on  small  wells  in  Oklahoma.  Such  a 
piimp  has  the  advantage  of  being  inexpensive  and  easily  moved. 
Where  the  gas  pressure  is  high,  a  larger  pimip  capable  of  greater 
pressure  and  of  handling  a  larger  volume  of  fluid  is  necessary.  A 
IQ-inch  by  6-inch  by  12-inch  pump,  weighing  about  4,700  pounds, 
will  meet  anything  but  extraordinary  conditions. 
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DBILLIKG  WITH  FLUID  IK  THE  HOLE. 

The  presence  of  the  mud-laden  fluid  in  the  well  does  not  prevent 
drilling  with  cable  tools,  and  the  bailer  can  be  used  in  the  usual  way 
for  removing  the  drillings  from  the  bottom  of  the  hole.  Drilling 
with  cable  tools  in  mud  fluid  has  been  a  matter  of  ordinary  practice 
in  the  California  fields  for  many  years  both  with  and  without  the 
use  of  the  circulator.  Although  it  is  not  as  fast  as  drilling  in  a  dry 
hole,  where  conditions  are  favorable,  there  are  places  where  the  for- 
mer method  will  have  many  advantages  over  the  dry-hole  method 
and  sometimes  may  be  faster  and  cheaper. 

Drilling  a  well  through  a  gas  sand  by  the  dry-hole  method  causes 
great  waste.  The  free  escape  of  gas  has  resulted  in  many  disastrous 
fires  and  other  damage  to  life  and  property.  While  the  gas  is 
escaping,  no  fires  can  be  lighted  near  the  well,  so  it  is  often  necessary 
to  stop  work  at  night  or  in  cold  weather.  Even  work  on  wells  near  by 
may  be  stopped.  Sometimes  the  gas  pressure  interferes  with  the  tools 
dropping  in  the  hole  and  makes  drilling  dangerous,  slow,  and  occa- 
sionally impossible.  Under  such  circumstances  it  may  be  necessary  to 
discontinue  drilling  until  the  volume  and  pressure  of  the  gas  has 
been  reduced.  Either  the  well  is  allowed  to  blow  without  restraint 
or  it  is  shut  in  and  called  a  gas  well,  although  there  may  be  no  mar- 
ket for  the  gas  at  the  time.  If,  however,  drilling  is  conducted  with 
the  hole  full  of  mud  fluid,  these  evils  will  not  occur.  The  gas  will  be 
saved,  danger  prevented,  drilling  can  be  done  at  night  and  in  cold 
weather  without  discomfort,  and  high-pressure  gas  will  not  interfere 
with  nor  prevent  the  working  of  the  tools. 

Occasionally  strong  flows  of  water  interfere  with  drilling  and 
may  prove  difficult  to  shut  oflF.  Mud  fluid  can  be  used  to  control  the 
water,  and  in  one  instance  was  successful  after  several  months'  efforts 
to  shut  off  the  water  with  casing  and  packers. 

In  fields  where  wells  have  to  be  cased  as  fast  as  the  hole  is  made, 
owing  to  caving,  and  where  much  underreaming  is  necessary,  mud 
fluid  can  be  used  to  much  advantage.  The  fluid  plasters  up  the  walls 
of  the  hole,  and  the  pressure  exerted  by  the  column  of  fluid  usually 
will  prevent  caving  or  sand  from  running  into  the  hole,  which  would 
interfere  with  drilling  and  underreaming  or  would  "  freeze  "  the  pipe- 
It  is  possible  with  this  method  to  carry  the  casing  to  much  greater 
depths  through  a  caving  or  sandy  formation.  In  some  Texas  and 
California  fields  drilling  without  mud  fluid,  either  with  rotary  or 
standard  tools,  would  be  practically  impossible. 

When  drilling  in  mud-laden  fluid  through  a  rock,  such  as  lime- 
stone, the  cuttings  from  which  are  hard  and  coarse,  great  care 
should  be  taken  not  to  drill  too  much  hole  at  one  time.  Experience 
has  proved  that  when  too  much  hole  has  been  made  such  drillings 
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will  settle  back  around  the  tools  and  "  stick  "  them  in  the  well  when 

the  bull  ropes  are  thrown  on  and  the  temper-screw  clamps  removed 

preparatory  to  drawing  out  the  tools.    This  sticking  of  the  tools  is 

shown  in  figure  8.    Tronble  from  this  source  was  experienced  in  the 

demonstrations  at  the  Greiswell  and  at  the 

Sinclair,  White  &  Ufer  wel!  in  the  Gushing 

field." 
From   observations  of  engineers  of  the 

bureau,  it  is  recommended  that  not  more 

tlian  3  feet  of  hole  should  be  drilled  at  any 

one  time  in  such  formation,  when  fluid  is 

in  the   hole,  unless  experience  has  shown 

that    this    figure    can    be    exceeded    with 

safety. 
The  cuttings  should  be  bailed  from  the 

bottom   of  the  hole,  and  after  they  have 

l>een  removed  by  running  the  bailer  once 

or  twice,  it  is  good  practice  to  bail  the 

fluid  from  near  the  bottom  of  the  hole  and 
dump  it  into  the  top  in  order  to  keep  the 
fluid  of  the  same  consistency  from  top  to 
bottom.  The  fluid  at  the  bottom  of  the 
hole  is  constantly  being  thickened  from  the 
drilling  and  by  the  settling  of  coarser 
materials  which  may  not  have  been  re- 
moved from  the  fluid.  The  fluid  is  thick- 
ened by  drilling  through  claya  or  shaley 
formations  but  is  apt  to  be  thinned  by 
drilling  through  sands. 

The  mud  fluid  used  in  drilling  is  gen- 
erally 5  to  15  per  cent  heavier  than  clear 
water.  In  such  a  mixture  of  clay  and 
water,  the  driller  can  scarcely  distinguish 
the  difference  between  the  action  of  his 
tools  from  that  in  a  hole  full  of  clear  water. 

It  must  be  noted,  however,  that  it  can  not  piocbe  8.— a  bit  stock  hj  set- 
be  expected  to  drill  in  the  same  manner  as  ]|J^°b °'  en'rX^  "*"  "^ 
in  a  dry  hole,  and  much  delay  has  been 

caused  by  failure  to  recognize  this  fact  As  in  a  wet  hole  small  tools 
should  be  used  in  order  to  provide  greater  clearance,  that  they  may 
drop  more  rapidly  through  the  fluid. 
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It  frequently  happens  when  driUing  through  a  gas  sand,  either 
with  rotary  tools  or  with  cable  tools  and  a  circulator,  that  the  mud 
fluid  is  mixed  with  gas  and  becomes  so  light  that  it  will  not  hold 
back  the  gas,  and  may  be  blown  out  of  the  hole.  When  gas  shows  in 
the  fluid  in  the  well,  it  should  be  replaced  with  fresh  fluid. 

At  times  gas  of  such  high  pressure  is  struck  that  the  fluid  can  not 
be  maintained  in  the  hole  by  its  own  weight,  and  it  is  necessary  to 
stop  drilling  at  intervals  and  shut  in  the  well  under  pump  pressure 
until  the  gas  is  driven  back  and  the  formation  sealed  off,  then  drilling 
may  be  resumed.  Care  should  be  taken,  however,  not  to  drill  too  deep 
at  any  one  time  without  applying  the  necessary  pump  pressure,  and 
precautions  should  be  taken  to  put  the  tools  into  the  well  slowly  and 
to  withdraw  them  slowly.  Under  such  conditions  it  is 'usually  advis- 
able to  use  the  circulator  or  rotary  systems,  so  that  pump  pressure 
can  be  put  on  the  well  at  any  moment. 

It  has  been  the  experience  in  drilling  with  mud  fluid  by  the  use 
of  either  rotary  or  cable  tools  in  California,  Texas,  and  Louisiana, 
that  more  than  half  the  instances  when  wells  go  "  wild  "  have  occurred 
when  the  tools  were  being  withdrawn  or  being  rim  into  the  hole 
again. 

If  there  is  high-pressure  gas  in  a  well  being  drilled  with  cable 
tools,  the  tools  or  the  bailer  should  be  withdrawn  slowly  because  the 
rapid  withdrawal  has  much  the  same  effect  as  swabbing,  and  may 
draw  in  the  gas  or  cause  the  walls  of  the  hole  to  cave. 

In  drilling  with  rotary  tools  the  drillers  may  neglect  to  take 
account  of  the  displacement  of  the  drill  stem  when  withdrawing  it 
from  the  hole,  so  that  the  level  of  the  fluid  may  be  sufficiently 
lowered  in  the  hole  to  cause  a  blow-out.  Trouble  has  also  been  caused 
in  cable-tool  holes  when,  to  facilitate  drilling,  the  level  of  the  fluid 
has  been  lowered  too  far. 

Experience  has  shown  that  there  is  danger  in  running  cable  or 
rotary  tools  into  a  hole  when  the  gas  pressure  nearly  equals  that  of 
the  fluid.  When  such  conditions  exist,  it  is  advisable  before  with- 
drawing the  tools  to  circulate  fresh  fluid  until  all  the  fluid  charged 
with  gas  has  been  removed,  and  apply  pressure  with  a  pump  if  the 
gas  pressure  is  high.  If  these  precautions  are  not  taken  the  well  may 
not  blow  out  when  the  tools  are  withdrawn,  but  may  be  left  in  such 
an  unstable  condition  that  it  will  blow  out  when  the  tools  are  run  in 
again.  The  agitation  of  the  tools  may  be  sufficient  to  start  the  fluid 
moving,  and  in  a  rotary-drilled  well  the  displacement  of  the  drill 
stem  will  start  the  fluid  upward  and  overcome  the  inertia.  The 
conditions  and  results  are  somewhat  similar  to  those  in  an  oil  well 
which  may  not  start  flowing  until  it  has  been  agitated.    When  such 
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delicately  balanced  conditions  are  liable  to  exist,  it  is  advisable  to 
put  pressure  on  the  fluid  with  a  pump ;  and  in  a  well  being  drilled 
with  cable  tools  and  the  circulator,  that  fresh  fluid  be  circulated 
before  putting  in  the  tools.  In  a  rotary  well  fresh  fluid  can  be  circu- 
lated after  every  few  stands  of  drill  pipe  have  been  put  in.  In  any 
case,  the  tools  should  be  run  in  slowly  and  carefully.  These  prin- 
ciples will  be  varied  in  detail  according  to  the  particular  conditions 
of  each  case  and  the  equipment  being  used.  Experience  in  California 
has  shown  that  these  precautions  have  reduced  the  risks  of  a  well 
going  Wild. 

In  territory  where  the  depths  to  the  productive  strata  are  not 
known,  oil  or  gas  sands  may  be  drilled  through  with  mud  fluid  in 
the  hole  and  their  presence  not  detected  if  the  driller  has  not  care- 
fully examined  the  drillings  bailed  from  the  hole  or  the  returns 
if  a  circulator  is  being  used.  This  has  happened  many  times.  Ordi- 
narily it  is  preferable  not  to  drill  a  "wildcat"  well  with  fluid  in 
the  hole,  but  provision  should  always  be  made  for  its  use  to  control 
any  flow  of  gas  that  may  be  encountered. 

THE  USE  OF  THE  CIRCULATOR  WITH  STANDARD  TOOLS. 

The  method  of  using  a  circulator  with  standard  tools  is  one  devel- 
oped in  recent  years,  principally  in  the  California  fields.  The  system 
is  essentially  the  employment  of  the  mud-fluid  flushing  process  of  the 
rotary-drilling  system  in  combination  with  a  string  of  standard  tools. 
The  fluid  is  forced  by  a  pump  through  the  inner  casing  and  returns 
between  the  casing  and  the  walls  of  the  hole,  bringing  the  drillings 
with  it.  Sand  and  coarse  materials  in  the  fluid  are  settled  out  in  a 
»ries  of  settling  tanks  and  troughs,  and  the  mud  fluid  pumped  back 
into  the  well.  Once  drilling  has  started,  there  is  usually  enough  mud 
formed  in  the  process  so  that  no  more  need  be  mixed,  and  at  times  it 
is  necessary  to  thin  the  fluid  with  clear  water. 

The  extra  equipment  necessary  for  using  the  circulator  are  a  slush 
pump,  hydraulic  hose,  circulator  head,  and  a  system  of  troughs  and 
tanks  for  the  mud  fluid.  It  is  also  advisable  to  have  two  pumps  and 
an  extra  boiler,  and  the  rig  should  be  provided  with  a  calf  wheel. 
The  same  principles  of  construction  are  used  in  the  circulator  head 
as  in  the  oil  saver.  The  mud  fluid  is  injected  through  the  hydraulic 
hose  which  is  attached  to  the  circulator  head  like  the  flow  lines  are 
to  the  oil  saver. 

The  use  of  the  mud  fluid  with  the  circulator  in  this  manner  has 
certain  advantages  to  which  the  writers  wish  to  call  attention,  as 
well  as  to  precautions  which  must  be  taken  in  its  use.  It  has  been 
especially  successful  in  overcoming  loose  running  sands,  bowlders, 
and  caving  formations.    It  has  also  been  successfully  used  where  it 
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is  desired  to  underream  in  a  hole  troubled  by  running  sands  or 
caving  formations.  By  its  use  the  walls  of  the  hole  can  be  plastered 
more  thoroughly  with  mud  fluid  than  without  circulating,  the  space 
between  the  casing  and  bore  hole  kept  clear  of  coarse  materials,  and 
the  pipe  kept  freer.  If  the  strata  are  drilled  through  with  mud  fluid 
circulating  in  the  hole  the  weight  of  the  fluid  will  hold  up  the  walls 
of  the  hole  longer,  and  generally  a  much  greater  depth  of  open  hole 
can  be  gained  than  by  the  use  of  clear  water.  The  pipe  should  not 
be  kept  too  far  above  the  bottom  of  the  hole,  because  the  cuttings 
will  not  flush  out  and  will  pack  around  the  tools  and  interfere  with 
drilling.  However,  under  some  circumstances  it  is  necessary  to  drill 
farther  below  the  casing  than  in  others,  and  occasionally  so  far 
below  that  the  cuttings  will  haA^e  to  be  bailed  out  in  the  usual  man- 
ner. By  this  process  casing  can  be  carried  farther  and  with  less 
trouble  and  expense  than  by  other  cable-tool  drilling  systems  under 
the  same  difficult  conditions,  and  it  will  seal  off  the  formations  more 

thoroughly   and   keep    the 
casing  freer. 

^^^-iJP^^  Figure    9    represents    a 

m  ^    K».  cross  section  of  a  well  m 

which  mud  fluid  is  being 
^^^^-^  ^^^^^^^^yM^eff//n(fS  circulated.      The    cuttings 

^^^^^  and  fluid  returning  to  the 

FiGUBB  9.— Cross  section  of  well  showing  how  cas-     surf ace  between  the  casing 

Ing  may  bec(Hne  frozen  in  drilling  by  circulator      and   the  Walls  of   the   bore 

'°*^*^^-  hole  may  not  be  of  suffi- 

cient volume  to  fill  the  space,  and  consequently  the  flow  will  pick  out 
courses  on  one  side  of  the  casing  and  allow  the  cuttings  to  settle  and 
pack  on  the  other  side  if  the  pipe  is  not  moved  frequently.  The  pas- 
sage of  the  fluid  may  be  free  and  there  may  not  be  any  increase  in 
pressure  on  the  circulating  pump,  but  the  casing  will  be  found  to 
be  tight  and  in  some  cases  may  be  impossible  to  move.  Apparently 
the  coarse  material  settles  above  the  collars  and  prevents  moving  the 
casing  upward,  but  often  it  will  move  down  of  its  own  weight;  or, 
if  not,  it  can  usually  be  freed  by  driving  a  few  inches.  If  the  casing 
can  not  be  freed  in  this  way,  the  customary  methods  of  moving  the 
casing  by  jarring,  the  use  of  spears,  jacks,  etc.,  are  employed  accord- 
ing to  the  particular  conditions,  as  though  there  was  no  mud  fluid 
in  the  hole.  By  moving  the  pipe  as  occasion  requires,  this  will  be 
prevented  and  the  fluid  will  come  up  imiformly  around  all  sides  of 
the  casing  and  the  cuttings  will  not  have  a  chance  to  pack.  Under 
some  conditions,  it  is  necessary  to  move  the  casing  as  frequently  as 
every  30  minutes.  Once  circulation  has  been  started  it  should  be  kept 
up  continuously  until  the  pipe  is  landed.    Intermittent  circulation 
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frequently  results  in  trouble.  Those  operators  who  have  understood 
this  principle  have  been  uniformly  successful,  and  wherever  it  is 
disregarded  trouble  is  almost  sure  to  result. 

When  a  string*  of  casing  is  seated  in  mud  fluid  in  a  well  drilled 
by  the  dry-hole  system,  the  use  of  a  circulator  will  leave  the  casing. 
freer  and  in  better  condition  for  withdrawing  at  any  future  date 
than  by  using  mud  fluid  alone.  The  fluid  is  circulated  until  all 
coarse  materials  are  flushed  from  the  hole  and  the  walls  thoroughly 
plastered.  The  casing  is  then  seated  and  the  mud  plastered  onto 
the  walls,  and  the  weight  of  the  column  of  mud  fluid  prevents  the 
shales  from  slaking  and  coarse  materials  from  falling  into  the  hole 
and  settling  around  the  collars  on  the  casings. 

During  the  past  three  years  the  Keck  swinging  spider  and  other 
similar  devices  have  been  used  with  much  success  in  the  Coalinga 
field,  California.  This  apparatus  consists  essentially  of  an  espe- 
cially constructed  spider  with  long  reins  that  reach  up  over  the  beam, 
which  works  between  them,  so  that  it  is  possible  to  hold  the  pipe  on 
the  casing  lines  while  drilling  proceeds,  thus  enabling  the  driller  to 
move  the  casing  at  any  time  he  may  consider  it  necessary  to  keep  the 
pipe  free  without  unhitching  or  even  stopping  the  motion  of  the 
tools.  This  equipment  is'  of  considerable  value  when  it  is  desired 
to  carry  an  especially  long  string  of  casing  through  any  formation 
where  it  is  difficult  to  keep  the  pipe  free.  It  also  allows  the  driller 
to  regulate  conveniently  the  position  of  the  pipe  above  the  bottom 
of  the  hole  in  order  to  obtain  the  most  favorable  results  from  circu- 
lating. In  order  that  there  may  be  room  for  moving  the  casing  con- 
veniently it  is  necessary  to  have  a  cellar  about  25  feet  deep,  so  that 
a  full  joint  can  be  handled. 

By  means  of  a  circulator,  casing  has  been  carried  to  exceptional 
depths  in  the  fields  where  there  has  been  much  trouble  in  carrying 
casing  by  ordinary  cable-tool  drilling  methods.  In  one  instance  10- 
inch  casing  was  carried  to  3,336  feet  by  this  means  in  122  days'  time.® 
In  this  way  less  casing  is  needed  in  deep  wells,  which  reduces  the 
expense  and  permits  the  operator  to  finish  his  well  with  a  larger 
sized  hole.  It  has  been  found  from  experience  that  in  some  fields 
letter  time  is  made  with  the  circulator,  the  well  is  finished  with 
fewer  accidents  and  in  better  shape,  and  at  less  expense  than  under 
other  cable-tool  drilling  methods.  Where  the  conditions  are  such 
that  much  hole  must  be  drilled  with  cable  tools  in  mud  fluid,  such  as 
through  caving  formations,  running  sands,  artesian  water  or  several 
high-pressure  gas  sands,  it  is  believed  that  it  would  pay  the  operator 
to  install  a  circulator. 

'Lombardt  M.  E.,  Improved  methods  of  deep  drilling  In  the  Coalinga  oil  field,  Cali- 
fornia :  Ball.  Am.  Inst.  Bng.,  No.  98,  1915,  pp.  209-216. 
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CASING  A  WELL  WITH  THE  FLUID  IN  THE  HOLE. 

Casing  a  gas  well  with  the  fluid  in  the  hole  can  be  accomplished  in 
a  few  hours  without  risk  to  the  workmen.  On  the  other  hand,  sev- 
eral days  are  often  required  to  case  wells  that  are  blowing,  and,  on 
account  of  the  danger,  $7  to  $10  a  day  each  has  to  be  paid  to  men  to 
work  in  the  gas. 

Carrying  the  casing  while  drilling  proceeds  has  been  discussed  in 
previous  paragraphs.  The  use  of  mud  fluid  is  of  much  benefit  where 
there  are  caving  strata,  running  sands,  or  where  the  hole  must  be 
underreamed.  Casing  has  been  carried  for  many  hundreds  of  feet 
through  such  formations,  where  it  would  hardly  be  possible  to  drill 
a  well  without  using  mud  fluid.  Properly  employed,  it  is  a  great  aid 
in  keeping  the  casing  free. 

If  it  is  desired  to  place  mud  fluid  behind  a  string  of  casing,  ordi- 
narily it  is  not  advisable  to  introduce  the  fluid  from  the  top.  If  it 
is  poured  in  from  the  top,  it  carries  down  all  caving  and  coarse 
material,  and  this  is  likely  to  lodge  against  the  couplings  and  freeze 
the  casing,  or  even  to  form  a  bridge  which  will  not  let  the  fluid  go 
past.  It  is  better  practice  to  introduce  the  fluid  through  the  casing 
and  let  it  come  up  under  the  shoe.  In  this  way  cavings  and  coarse 
lumps  are  carried  up,  and  if  the  fluid  is  circulated  long  enough  they 
will  be  flushed  out  of  the  hole,  leaving  it  free  from  material  which 
may  settle  or  lodge  against  the  couplings.  When  no  means  of  circu- 
lating have  been  provided,  the  casing  should  be  raised  and  lowered  a 
distance  of  not  less  than  the  length  of  one  joint  several  times  before 
seating.  Moving  the  pipe  in  this  manner  tends  to  grind  up  ca^angs 
and  lessens  the  chances  of  the  pipe  sticking  and  should  not  be 
delayed,  for  if  it  is  not  done  the  casing  may  be  stuck  within  a  few 
hours  after  the  fluid  has  been  introduced. 

Should  the  casing  become  "  loggy  "  or  "  stuck  "  while  mud  fluid  is 
being  used,  the  best  method  of  loosening  the  pipe  is  to  put  a  steady 
strain  on  it  rather  than  try  to  jar  it  loose.  The  conditions  may  be 
compared  with  pulling  on  a  long  stick  sunk  deep  into  heavy  mud: 
a  slow,  steady  pull  will  have  more  effect  than  a  quick,  hard  jerk.  If 
the  pipe  has  been  landed,  it  may  be  necessary  to  let  the  fluid  out 
from  behind  it  by  perforating  or  shooting  the  bottom  joint. 

It  is  advisable  to  use  heavier  pipe  when  using  mud  fluid  than  has 
been  customary  in  the  Mid-Continent  and  Eastern  fields ;  and  at  any 
rate,  heavy  pipe  may  be  used  to  advantage  on  the  lower  end  of  the 
string.    It  is  always  advisable  to  screw  the  casing  together  securely- 

SEATING   THE   CASING. 

When  casing  is  used  to  exclude  water,  oil,  or  gas,  or  to  retain  the 
mud  fluid,  it  must  be  properly  seated  in  order  to  make  a  tight  joint. 


WAYS  AND  ADVANTAGES  OF  USING  MUD-LADEN  FLUID. 


31 


^Casing 


^Threaded  coupling 
making  connection 
with  casing 


-Casing  nippfii 


A  common  way  of  seating  casing  in  the  Mi/l-CcHitinent  fields  is  to 

land  the  casing  with  a  thread  protector  screwed  onto  the  bottom. 

But  this  practice  does  not  insure  good  results,  even  when  sand  pump- 

ings  have  been  left  in  the  hole  before  landing  the  casing  to  make  a 

tighter  seat,  and  much  damage  has  been 

caused    by   such    practices    where   high- 
pressure  gas  or  water  is  found.     Often 

the   formation   in   which   the   casing  is 

landed  is  not  carefully  selected  and  will 

not  provide  a  secure  seat.     The  writers 

know  of  many  instances  where  failure  to 

provide  secure  seats  has  let*  water  or  gas 

out  by  the  packers  or  under  the  casing, 

and    much    damage    has    resulted.      In- 
stances of  this  kind  are  cited  on  page 

32.    Not  knowing  the  true  source  of  the 

water    has   caused   unnecessary   expense 

and  loss  to  many  operators. 
A  better  practice,  which  can  often  be 

used  to  advantage,  is  to  provide  a  long 

casing  shoe  4  or  5  feet  in  length.    After 

seating  the  casing,  the  hole  should  be 

drilled  a  few   feet  below  the  seat  and 

tested  for  absolute  tightness,  for  a  small 

leak  is  usually  enlarged  by  either  water 

or  gas.    Drilling  should  not  be  continued 

unless  it  has  been  demonstrated  that  the 

casing  seat  is  tight. 
A  special  shoe  may  be  made  by  taking 

a  "pup"  joint  or  short  piece  of  casing, 
6  to  10  feet  in  length,  as  conditions  may 
require,  of  the  same  size  as  that  about 
to  be  seated,  screwing  on  one  end  an 
ordinary  casing  shoe  and  then  slipping 
on  reamed-out  couplings  until  they  cover 
the  piece  of  pipe  (fig.  10).  The  top 
coupling  is  then  screwed  down,  so  that 
the  collars  are  all  clamped  between  the 
top  coupling  and  the  shoe.  By  reduc- 
ing the  last  6  or  8  feet  of  the  hole 
to  the  size  of  the  outside  diameter  of  the  collars,  contact  is  ob- 
tained for  the  entire  length  of  this  shoe  with  the  walls  of  the 
hole.  If  a.  string  of  casing  has  been  set  with  a  shoe  such  as  above 
described,  the  shoe  may  cause  some  trouble  in  pulling  the  pipe  in  the 
ordinary  way,  when  the  well  is  to  be  abandoned.    However,  as  the 

52432**— Bull.  134—16 3 


'Cogplings  borad  to 
alip  ovor  casing 


'Driva  sho<| 


FiGDRB  10. — Special  long  casing 
shoe. 
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bottom  joint  is  reinforced  with  the  collars,  the  string  of  casing  may 
be  started  by  using  a  casing  spear,  which  can  be  used  to  better  advan- 
tage than  on  pipe  without  collars,  as  the  slips  of  the  spear  will  not 
expand  the  reinforced  casing  so  much. 

In  some  fields,  in  order  to  exchide  water  from  the  oil-bearing 
formations,  cementing  is  resorted  to.  In  many  cases  cementing  and 
trouble  from  water  entering  the  oil  sands  can  be  avoided  by  using 
the  long  shoe. 

The  mud  fluid  is  less  apt  to  cut  under  the  casing  than  clear  water, 
because  the  fluid  does  not  cut  the  walls  of  the  hole  or  penetrate  small 
openings  so  readily  as  water,  as  has  been  demonstrated  wherever  mud 
fluid  has  been  used.  Some  complaint,  however,  has  been  made  in  the 
Mid-Continent  fields  about  trouble  in  holding  the  fluid  behind  the 
casing,  even  when  it  has  been  seated  with  a  loag  casing  i^oe  or  with 
a  packer. 

Mud  fluid  subjects  the  seat  to  a  greater  pressure  than  has  been 
customary  in  these  fields,  because  ordinarily  when  the  casing  is  seated 
there  is  not  much  water  behind  it,  although  at  a  later  date  water  accu- 
mulates and  the  increased  pressure  may  break  under  the  casing,  leav- 
iug  the  operator  in  doubt  as  to  whether  the  water  was  coming  from 
the  producing  sand  or  from  some  other  source.  Many  instances  of 
this  sort  are  known.  The  numerous  cases  in  which  gas  pressure  has 
unseated  several  strings  of  casing  in  a  well  indicate  that  the  cus- 
tomary practice  in  the  Mid-Continent  field  does  not  provide  secure 
seats  and  is  likely  to  be  the  cause  of  damage  later  in  the  life  of  the 
well. 

Another  source  of  trouble  was  that  after  the  casing  had  been 
seated,  the  fluid  was  bailed  completely  from  the  well  and  drilling 
was  resumed  without  any  regard  to  jarring  the  casing.  If  the  seat 
is  not  in  a  hard  formation,  the  jar  of  the  tools  against  the  casing  may 
loosen  it  even  when  a  packer  is  used,  and  let  the  fluid  escape  from 
behind  the  pipe.  Great  care  should  be  exercised  in  drilling  past  the 
seat,  and  it  is  advisable  to  leave  enough  fluid  in  the  hole  to  cover  the 
tools  in  order  to  lessen  the  jar  against  the  casing. 

Trouble  has  often  followed  the  use  of  the  following  method  of 
placing  mud  fluid  behind  the  casing. 

The  casing  is  filled  with  the  fluid  and  then  raised,  letting  the  fluid 
come  up  around  the  outside.  The  instant  the  casing  is  lifted  off  the 
bottom  or  off  the  shoulder  on  which  it  has  been  seated,  the  rock  around 
the  bottom  of  the  casing  has  to  stand  the  sudden  pressure  of  a  column 
of  fluid,  which  in  a  hole  1,000  feet  deep  has  a  pressure  of  500  to  600 
pounds  per  square  inch  when  standing.  It  is  obvious  that  the  sudden 
rush  of  fluid  is  likely  to  dig  out  the  formations  around  the  bottom 
of  the  casing  so  that  it  vrill  be  difficult  to  seat  it  again. 
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THE  USE  OF  PACKERS. 

Packers  are  used  in  many  wells  to  shut  out  water  or  gas,  and  a 
judicious  use  of  packers  may  occasionally  save  the  use  of  an  extra 
string  of  casing.  These  packers  are  made  in  various  types  to  suit 
special  purposes,  the  usual  type  consisting  of  two  telescoping  steel 
cylinders  inclosed  in  a  rubber  cylinder,  varied  in  thickness  and. 
length  to  meet  different  conditions.  The  component  parts  are  so 
arranged  that  when  set  the  rubber  expands  outwardly  and  is  intended 
to  fill  tightly  all  irregularities  in  the  wall  of  the  well,  thus  prevent- 
ing the  passage  of  water  or  gas.  Packers  may  be  used  at  the  bottom 
of  the  casing  or  at  some  place  above. 

Whenever  one  of  these  packers  is  removed  after  being  seated  it 
must  be  repaired  or  a  new  packer  substituted  before  a  tight  joint  can 
be  made  again. 

It  has  been  found  from  experience  that  packers  frequently  develop 
defects  after  they  have  been  set,  and  not  much  reliance  can  be  placed 
on  them.  They  will  disintegrate  under  the  action  of  oil  or  oil  vapors, 
and  in  many  instances  large  pieces  of  rubber  have  blown  out  of  a 
gas  well  when  the  well  was  being  "  blown  off,"  showing  that  packers 
can  not  be  expected  to  last  indefinitely  no  matter  how  carefully  they 
are  set.  They  can  not  be  set  successfully  in  some  formations,  and 
the  strata  at  the  points  where  packers  should  be  placed  to  protect  the 
well  properly  may  not  be  suitable  for  setting  packers  in.  The  limita- 
tions of  packers  are  especially  evident  where  it  is  desired  to  confine 
gas  between  two  packers  or  where  more  than  one  packer  is  to  be 
used  on  the  same  string  of  casing.  No  satisfactory  way  is  known  to 
the  writers  of  adequately  testing  two  packers  to  determine  whether 
both  packers  have  been  set  without  leaks.  For  these  reasons  it  is  be- 
lieved to  be  inadvisable  to  use  packers  where  their  failure  would  result 
in  material  damage  (»*  where  it'  is  not  possible  to  test  them  at  intervals. 
AVhere  natural  conditions  do  not  provide  means  of  testing  a  packer, 
mud  fluid  can  be  set  behind  the  casing  above  it,  so  that  if  the  packer 
does  fail  the  fluid  will  run  through  and  either  make  the  leak  known 
or  mud  off  the  sand  to  be  protected  so  that  no  damage  will  result. 

One  of  the  advantageous  features  of  using  mud-laden  fluid  is  that 
it  provides  a  test  for  the  conditions  behind  the  casing  at  all  times,  and 
the  operator  can  be  quite  sure  as  to  whether  his  well  is  affording 
proper  protection  to  the  oil  or  gas. 

THE  USE  OF  MUD  FLUID  IN  CEMENTING  A  WELL. 

By  any  one  of  a  number  of  processes,  cement  can  be  forced  up  out- 
side of  the  casing,  but  it  seldom  extends  more  than  100  feet  above  the 
bottom.  The  cement  reinforces  the  casing  seat  and  prevents  water  or 
gas  from  cutting  under  the  casing,  or  in  soft,  caving  formations  pre- 
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vents  the  pipe  following  down  the  hole  as  the  well  is  drilled  deeper. 
In  so  far  as  cementing  relates  to  this  report,  the  points  of  interest  are 
the  effect  that  mud  fluid  in  the  hole  will  have  on  the  setting  of  the 
cement,  and  to  what  extent  mud  fluid  can  be  used  to  replace  the 
cementing  process  or  as  an  additional  aid  in  protecting  the  well.  A 
further  point  of  interest,  and  one  of  probable  future  value,  is  whether 
cement,  or  similar  substances,  can  be  used  on  the  same  principle  as 
mud  fluid  and  be  forced  into  porous  strata,  where  it  will  harden  and 
seal  off  the  strata. 

The  points  to  be  considered  in  regard  to  the  effect  of  mud  fluid  on 
the  setting  of  cement  are  these : 

Preliminary  to  the  cement  being  placed,  the  mud  fluid  can  be  made 
to  exclude  all  oil,  gas,  or  mineralized  water  from  the  hole,  and  as 
these  substances  often  interfere  with  the  setting  of  cement,  this  is  a 
favorable  effect.  A  further  advantage  is  that  the  mud  fluid  will  aid 
in  keeping  up  good  circulation  behind  the  casing,  which  is  necessary 
for  successfully  forcing  the  cement  up  around  the  outside.  On  the 
other  hand,  if  mud  fluid  becomes  mixed  with  the  cement  to  any 
appreciable  extent,  it  interferes  with  the  setting.  The  amount  of 
mixing  that  will  take  place  will  depend  largely  on  the  process 
being  used.  Many  operators  of  wide  experience  with  the  cementing 
process  have  advocated  that  the  mud  fluid  be  flushed  out  first  and 
the  hole  thoroughly  washed  with  water  before  the  cementing  process 
is  started,  in  order  to  avoid  mixing  the  mud  with  the  cement  and  to 
clean  the  walls  of  the  hole  so  that  a  close  bond  may  be  formed 
between  the  cement  and  the  formations,  because  it  is  not  likely  that 
the  cement  alone  would  scour  off  all  the  mud ;  and  any  mud  between 
the  cement  and  the  walls  of  the  hole  will  prevent  an  actual  bond. 

Other  operators  object  to  washing  the  hole  with  clear  water  because 
it  causes  caving  and  interferes  with  maintaining  .the  circulation  and 
keeping  the  pipe  free.  Many  operators  do  not  flush  the  mud  fluid 
out  of  the  hole  and  yet  have  had  much  success  in  shutting  off  water 
when  cementing. 

"When  a  string  of  casing  has  been  landed  with  mud  fluid  behind  it, 
all  water,  oil,  or  gas  is  excluded  from  the  hole,  and  if  the  fluid  remains 
behind  the  casing  the  use  of  cement  is  not  necessary  to  protect  the 
well.  When,  however,  the  formation  in  which  the  casing  is  landed 
is  such  that  it  will  not  hold  a  column  of  fluid  behind  the  casing,  or 
if  there  is  high-pressure  gas  below  the  casing  which  has  not  been 
niudded  off  and  may  cut  away  the  casing  seat,  the  cement  reinforces 
the  casing  seat  and  will  be  a  great  aid.  Often  the  same  purpose  may 
be  accomplished  with  a  long  casing  shoe.  Even  if  the  cement  did 
not  make  an  actual  bond  with  the  wall  of  the  hole  it  would  act  as  a 
long  casing  shoe  and  reinforce  the  casing  seat;  or,  even  if  it  did  not 
set  in  an  impervious  rocklike  mass,  it  would  aid  in  holding  the  mud 
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fluid  behind  the  casing.  Water  might  work  through  the  cement  or 
cut  a  channel  between  the  cement  and  the  walls  of  the  hole,  whereas 
mud  fluid  will  not  cut,  but  will  plaster  the  soft  formations  and  will 
tend  to  clog  up  small  openings  rather  than  to  pass  through  them. 

When  cement  only  is  used,  communication  between  different  sands 
behmd  the  casing  will  not  be  prevented,  and  thus  valuable  oil  and  gas 
deposits  may  be  subject  to  waste.  Neither  are  the  evil  effects  of  un- 
systematic casing  prevented,  nor  is  the  casing  protected  against  cor- 
rosive waters.  In  either  case  much  damage  may  result  and  make  the 
expense  of  cementing  of  no  avail,  also  its  presence  may  make  repair- 
ing the  well  very  difficult  and  expensive.  If  it  is  possible  to  cement 
a  well  while  using  mud  fluid  behind  the  casing,  these  evils  are  pre- 
vented, and,  furthermore,  should  any  defects  develop  in  the  casing 
or  in  the  seat,  the  mud  fluid  will  make  their  presence  known  and  the 
operator  will  know  the  source  of  his  troubles. 

The  principle  of  forcing  fluid  cement  or  grout  into  a  porous  forma- 
tion to  seal  it  off  has  been  applied  with  much  success  in  recent  years 
in  the  Illinois  fields,  principally  by  W.  W.  McDonald,  of  the  Ohio 
Oil  Co.,  who  developed  the  practical  use  of  the  process  for  shutting 
out  bottom  waters  in  an  oil  or  gas  well.  The  process  is  described 
in  Bulletin  33  of  the  State  Geological  Survey  of  Illinois.*  A  method 
of  shutting  off  water  behind  a  casing  by  cementing  under  pressure, 
used  by  C.  A.  Hiveley,  of  the  Kern  Trading  &  Oil  Co.,  in  the  Coal- 
inga  field,  has  also  proved  successful.  Cement  has  been  successfully 
used  in  tunnels  and  shafts  to  seal  off  water-bearing  sands  or  creviced 
rocks.  Holes  are  drilled  ahead  into  the  porous  rock  and  fluid 
cement  is  forced  in  under  considerable  pressure.* 

By  this  method  it  is  endeavored  to  force  the  cement  into  the  sand 
and  hold  it  there  under  pressure,  so  that  it  will  clog  the  pores  of  the 
sand  and  harden,  thus  excluding  the  water  from  the  hole.  The 
essential  difference  between  using  cement  or  other  substances  which 
will  set  and  in  using  mud  fluid  is  that  the  mud  does  not  harden 
sufficiently  to  prevent  its  being  forced  out  of  the  sand  by  pressure, 
and  it  is  usually  necessary  to  maintain  a  column  of  fluid  in  the  hole 
to  keep  the  sand  sealed.  When  cement  or  similar  material  has  once 
set  and  excluded  the  water,  it  is  no  longer  necessary  to  maintain  a 
counterbalancing  pressure  in  the  hole. 

The  use  of  cement  in  this  way  opens  many  interesting  possibilities, 
but  how  far  it  may  be  extended  and  how  to  apply  it  under  varying 
conditions  can  only  be  worked  out  by  actual  practice. 

•Kay,  P.  H.,  Petroleum  In  Illinois 'in  1914  and  1915  :  Bull.  33,  State  Geol.  Survey,  1916 
(adrance  extract),  p.  22. 

^Donaldson,  Francis,  The  injection  of  cement  grout  into  water-bearing  fissures:  Trans. 
^^  Inst.  Min.  Eag.,  vol.  48,  February,  1914,  pp.  136-140. 
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ADVANTAGES  OF  CASING  A  WELL  IN  Min>-LADEN  ELUrD. 
PROTECTING  UPPER  OIL  OR  GAS  FORMATIONS. 

It  often  becomes  necessary  to  case  off  oil  or  gas-bearing  sands  of 
lesser  commercial  value  in  order  to  reach  more  valuable  sands  below 
(PL  II,  A),  and  it  sometimes  happens  that  water-bearing  beds  are  in 
close  proximity  to  these  sands. 

Under  the  dry-hole  method  of  drilling,  extra  casing  and  packers 
are  required  to  protect  fully  each  one  of  these  formations  and  as  the 
extra  casing  delays  the  work  and  increases  the  cost,  it  is  seldom  put 
in.  If  water  occurs  below  the  oil  or  gas,  with  no  impervious  stratum 
between  in  which  casing  can  be  seated  or  a  packer  set,  it  may  be 
impossible  to  protect  the  oil  or  gas  by  ordinary  methods. 

If,  however,  mud  fluid  is  used,  the  water  will  be  prevented  from 
injuring  the  oil  or  gas.  The  fluid  will  drive  both  the  water  and  the 
oil  or  gas  back  from  the  hole,  and  fill  the  space  between  the  casing 
and  the  walls  of  the  hole  so  that  extra  casing  will  be  unnecessary. 
Each  porous  stratum  is  sealed  off  and  the  contents  prevented  from 
entering  the  hole  or  moving  from  one  formation  into  another.  (See 
fig.  11.)  In  this  way,  small  deposits  of  oil  or  gas  can  be  preserved 
for  future  use  when  they  may  yield  greater  profits,  whereas  if  they 
^\'ere  not  protected,  they  would  have  yielded  the  producer  little  or  no 
returns. 

In  some  fields  there  are  so  many  different  sands  or  there  may  be 
such  alternation  of  water  sands  with  oil  and  gas  sands  that  it  would 
be  impracticable  to  put  in  enough  strings  of  casing  to  protect  the 
valuable  deposits  unless  mud-laden  fluid  was  used.  By  the  judicious 
use  of  the  mud-laden  fluid  much  casing  can  be  saved  and  many  minor 
deposits  of  future  value  may  be  protected  with  slight  expense. 

MUD  FLUID  AS  A  REMEDY  FOR,  UNSYSTEMATIC  CASING. 

Figures  12  and  13  show  the  principles  of  unsystematic  casing. 
If  an  open  space  is  left  behind  the  casings  and  they  are  not  landed 
uniformly  according  to  a  system  throughout  the  field  in  relation  to 
the  various  sands,  a  migration  of  oil,  gas,  or  water  will  take  place 
that  will  greatly  increase  the  undergroimd  waste  of  oil  and  gas,  or 
allow  the  water  to  invade  oil  and  gas  sands.  If  there  is  nQt  some 
means  of  getting  all  the  operators  in  a  district  to  follow  the  same 
system  in  casing  wells,  great  damage  may  result ;  as  has  been  proved 
by  experience  in  the  California  fields,  in  the  Gushing  field,  and  else- 
where. By  placing  mud  fluid  behind  the  casings  such  migration  and 
damage  can  not  result. 

EFFECT  OF  MUD  FLUID  ON  KEEPING   CASING   FREE. 

The  effect  of  mud-laden  fluid  beliind  the  casing,  when  properly 
used,  is  known  to  be  favorable.    It  has  been  found  from  experience 
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that  it  will  aid  in  keeping  casing  free  so  that  it  may  be  recovered 
more  readily  at  some  later  dat«.    The  following  statement  gives 


the  experience  of  C.  P.  Clayton,  the  general  superintendent  of  the 
Producers  Oil  Co.,  in  drilling  wells  in  Texas  and  Louisiana ; 

Setting  casing  Id  thick  mud  has  given  successful  results  without  exception. 
My  experience  has  been  limited  to  the  Loulstanii  and  Texas  fields,  but  haa 
extended  over  a  number  of  years  and  many  varying  conditions.    Our  practice 
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Is  to  cart?  our  drilling  niud  thick  enough  to  plaster  the  walls  of  the  hole  and 
drive  the  mud  Into  any  porous  rock  sufflilent  to  produce  n  coating  on  the  insitlc 
of  the  hole  impervious  to  circulating  water.     Then  tlie  casing  is  set  In  tlilck 


_» 


t  well  a.     Gaa 


mud,  and  not  only  the  spnce  hetween  the  wnll  nnd  casing  tilled  with  mud. 
but  also  the  space  between  the  outer  uiid  inner  ciislnj;.  \Vc  are  so  particular 
to  insure  a  perfect  fllllng,  with  heavy  mud  and  not  other  material,  that  it  is  our 
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ottW  tte  space  lJ*>t-w«^n     tlie  casing  at  the  top  with  rope  to  prevent 
IT"  otter  BobOaacea  Salllns     in     before  the  space  can  be  filled  with  mud. 


-«- 


-,  BboolDK  ^°^  E°B  "■"f  tx^  wasted  b;  Improper  cosing.     The  gas  Is 

„  ___x»liC^  jnd  nnfler  enough  pressure  to  overcome  the  water :  It  works  up, 

'"*  m    le"*    "'"fhigHMt  pressnre,  behind  the  caelns  and  bsck  and  fortli  through  tha 

""^^^   ^mSJ^  '    uuch  ot  the  (as  Is  lost,  and  the  pressure  Is  iceatlr  reduced.     Some 

■>"*  ^rl»»**""%eli  the  snrtace  and  escape  la  the  air. 

■  tJ»*  •**         ^g  special  endeavor  to  see  that  the  spaces  outside  of  the  casing 
jj0te  ^^^  ^  ytx\.ovB  strlnga  oJ!  casing  are  completely  filled  with  mud. 
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Mud  does  not  harden  sufficiently  to  prevent  pulling  the  casing.  Casing  set 
5  or  10  years  is  pulled  without  difficulty,  if  properly  mudded.  Mudding  pre- 
vents rusting  and  ordinary  disintegration  of  pipe.  Casing  set  in  mud  five  years 
was  found  not  to  be  pitted,  whereas  casing  set  in  the  same  field  without  mud 
was  worthless  at  the  end  of  five  yeats.  Of  course,  there  was  some  deterioration, 
but  this  was  offset  by  the  advance  in  price  of  casing. 

Similar  results  have  been  obtained  by  another  large  operating  com- 
pany in  Texas.  In  the  Lima  field,  Ohio,  drillings  from  shale  were 
put  behind  the  casing  in  several  hundred  wells,  but  no  difficulty  was 
experienced  in  pulling  even  second-hand  casing.  In  California 
casing  is  so  seldom  pulled,  once  it  has  been  set,  that  there  is  no 
definite  information  on  the  subject 

Under  especially  severe  conditions  of  caving  or  running  sands, 
mud  fluid  may  not  permanently  hold  up  the  walls  and  the  casing 
may  not  be  kept  free.  But  even  under  these  adverse  conditions  the 
use  of  mud  fluid  has  been  recognized  to  be  more  successful  than  any 
other  method  for  keeping  the  pipe  free. 

MUD-LADEN  FLUID  PROTECTS  CASING  FROM  CORROSION. 

Corrosive  waters  are  a  frequent  source  of  trouble  and  expense  in 
wells.  In  many  fields  casing  underground  is  eaten  through  in  two 
years.  The  water  then  becomes  a  source  of  much  trouble,  harming 
productive  strata  and  eating  any  other  casing  or  tubing  with  which 
it  comes  in  contact.  The  operator  is  often  misled  and  may  abandon 
a  well,  thinking  that  the  water  has  its  source  in  the  productive 
strata,  or  he  may  go  to  great  expense  in  making  ineffective  repairs 
before  the  true  cause  is  discovered.  When  a  casing  has  been  eaten 
through,  it  is  often  difficult  to  repair  the  well,  for  the  casing  is  likely 
to  be  so  weakened  that  it  can  not  be  pulled  out  without  being  parted ; 
thus  the  only  remedy  may  be  to  insert  inner  strings  which  in  time 
will  also  be  eaten  through,  and  then  the  well  must  be  abandoned. 

When  corrosive  waters  are  present^  no  ordinary  means  will  fully 
protect  the  wells  no  matter  how  elaborate  and  expensive  the  efforts 
may  be.  No  combination  of  casing  and  packers,  nor  seating  casings 
with  cement,  will  prevent  ultimate  damage  to  the  well  so  long  as  the 
destructive  water  comes  into  contact  with  the  casing. 

Much  effort  has  been  made  to  discover  means  to  protect  the  casing 
from  corrosive  waters.  The  casing  has  been  coated  with  tar  or  other 
protective  substances,  but  with  little  favorable  effect.  Such  materials 
are  apt  to  be  worn  or  scraped  off  in  spots  when  being  placed  in  the 
hole.  Operators  have  even  gone  so  far  as  to  use  galvanized  casing 
and  tubing  to  prolong  its  life,  or  have  used  casing  made  by  special 
processes  or  from  alloyed  steel.  Many  claims  have  been  made  for  the 
value  of  the  old-style  wrought-iron  pipe  to  meet  these  conditions,  but 
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the  fact  remains  that  the  wrought-iron  'pipe  now  obtainable  resists 
CQrrosiTe  waters  no  better  than  steel  pipe.  The  writers  know  of  no 
material  which  has  proved  satisfactory  within  reasonable  costs. 

The  writers  believe  that  placing  mud-laden  fluid  behind  the  casing 
will  effectively  protect  the  cadng  from  water,  provided  the  water 
is  not  coming  from  the  inside.  The  column  of  fluid  exerts  greater 
pressure  than  the  water,  drives  it  back  from  the  hole,  clogs  up  the 
sand,  and  prevents  the  water  from  entering  the  hole.  It  follows  as 
a  matter  of  course  that  the  water  does  not  have  access  to  the  casing 
and  can  not  harm  it  so  long  as  this  condition  is  maintained. 

At  Lima,  Ohio,  several  hundred  wells  of  one  company  have  been 
successfully  protected  by  the  use  of  shale  drillings.  The  manager  of 
tliis  company  states  that  formerly  casing  of  either  iron  or  steel  would 
not  last  longer  than  two  years  when  placed  underground,  whereas 
casing  protected  in  this  manner  has  lasted  for  over  10  years  with 
no  evidence  of  corrosicm. 

Two  of  the  largest  operating  companies  in  Texas  and  Louisiana 
have  found  that  landing  their  casing  in  heavy  mud  fluid  prevents 
rnsting  and  ordinary  disintegration  of  the  pipe.  As  has  been  previ- 
ously stated,  casing  set  in  mud  fluid  for  five  years  was  found  not  to 
be  pitted;  whereas,  casing  in  the  same  field  seated  without  mud  fluid 
behind  it  was  worthless  at  the  end  of  five  years. 

In  California  this  favorable  effect  of  mud  fluid  has  not  been  gener- 
ally appreciated. 

FINISHING  A  WELL. 

Closely  related  to  the  subject  of  the  proper  method  of  casing  and 
finishing  wells,  is  that  of  arranging  fittiugs  on  the  head  of  gas  and 
oil  wells. 

THE  MASTER  GATE. 

It  is  a  frequent  practice  in  some  fields,  when  a  string  of  casing  has 
been  landed,  to  cut  the  last  or  top  joint  on  a  level  with  the  derrick 
floor,  and  bell  out  the  top  with  a  sledge  hammer  to  present  a  smooth 
surface  to  tiie  drilling  line.  It  is  impossible  to  put  screw  fittings  on 
the  top  of  a  well  with  the  casing  thus  battered,  and  usually  the  well  is 
allpwed  to  go  wild  if  gas  is  encountered  unexpectedly.  The  short 
joint  of  battered  casing  must  be  removed  while  the  well  is  wild,  and 
a  new  joint,  cut  and  threaded  to  proper  length,  must  be  put  on,  after 
which  the  usual  screw  fittings  for  closing  in  a  well  may  be  applied. 
The  same  objections  apply  to  drilling  nipples.  In  all  wells  where 
there  is  any  reason  to  believe  that  high  pressures  may  be  encountered, 
better  means  of  control  should  be  provided.  For  a  comparatively 
^ht  extra  cost,  a  master  gate  or  similar  device  can  be  placed  on  the 
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head  of  the  well,  as  shown  in  figure  14.  This  master  gate  should  be 
packed  with  asbestos  packing  thi'oughout,  so  that  if  the  well  catches 
.  fire  the  packing  will  not  be  rendered  useless.  It  is  also  recommended 
that  a  pipe  T  wrench  20  feet  long  be  attached  to  the  wheel  of  the 
master  gate  in  a  lateral  position,  so  that  the  valve  can  be  operated 
from  a  point  20  feet  from  the  hole.  In  case  of  a  fire  or  an  accident  to 
the  fittings  above  the  master  gate,  the  well  can  be  controlled  by  clos- 
ing the  valve.  These  comments  apply  with  equal  force  to  the  present 
method  of  finishing  a  high-pressure  oil  well. 

.  Under  the  ordinary  method  of  shutting  in  a  high-pressure  gas 
well,  arrangements  of  the  fittings  is  such  that  should  the  well  catch 
fire  from  any  small  leakage  around  the  casing  head,  or  should  one 

iffaehscHo  nipple 


\/s/ve  wrench 


— Master  valve  fitted  od  bleb-prEsaurc  well. 


of  the  valves  become  foul,  the  flow  of  gas  could  not  be  controlled. 
When  a  well  equipped  in  this  way  catches  fire,  as  may  frequently 
happen,  the  head  of  the  well  may  have  to  be  broken  off  by  a  shot 
before  the  fire  can  be  extinguished  and  the  well  controlled,  and  the 
expense  and  loss  to  the  operator  may  amount  to  thousands  of  dollars. 
The  purpose  of  the  master  valve  is  to  serve  as  a  precautionary  meas- 
ure to  provide  a  means  for  controlling  unexpected  or  strong  flows 
of  oil  or  gas,  or  to  shut  off  the  well  in  case  of  danger  from  fire,  or 
in  other  emergencies. 

It  is  the  custom  in  the  Mid-Continent  fields  to  equip  high-pressure 
oil  wells  with  a  casing  head,  to  which  are  connected  flow  lines  of 
various  sizes.    At  many  wells  as  many  as  four  2-inch  flow  lines  are 
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connected  to  one  casing  head,  the  cap  being  held  in  place  simply  by 
four  set  screws.  This  arrangement  would  be  shown  in  figure  15, 
were  the  master  valve  omitted. 

Should  the  well  catch  fire,  such  an  arrangement  is  entirely  inade- 
quate. In  order  to  get  control  of  the  well,  thoiisands  of  dollars  may 
have  to  be  spent.  *  If,  as  is  shown  in  figure  15,  a  master  valve  be 
placed  below  the  fittings  in  the  manner  recommended  for  high- 
pressure  gas  wells,  the  well  can  readily  be  controlled,  making  it  an 
inexpensive  job  to  put  out  the  fire  and  repair  the  damage. 

DANGER  FROM   INADEQUATE   FITTINGS. 

In  Plate  II,  5,  which  shows  the  usual  method  of  connecting  up  an 
oil  well,  the  top  opening  of  the  tee  is  closed  by  the  casing  top,  which 
sets  completely  within  the  tee  and  is  held 
in  place  by  four  sharp-pointed  set  screws, 
arranged  radially  through  the  top  of  the 
tee.  The  hole  in  the  casing  top,  originally 
provided  for  the  tubing  to  pass  through, 
is  closed  by  a  wooden  plug  driven  in  from 
the  under  side.  The  device  is  useless 
under  high  pressure  and  is  dangerous 
nnder  moderate  pressures. 

Too  much  emphasis  can  not  be  placed 
on  the  necessity  for  using  adequate  fit- 
tings on  high-pressure  wells.  In  spite  of 
the  advice  of  one  of  the  bureau's  repre- 
sentatives, fittings  designed  for  a  working 
pressure  of  only  250  pounds  were  used  on 
a  well  having  much  greater  gas  pressure, 
with  the  result  that  these  fittings  were 
immediately  blown  up  when  the  well  was  closed  in.  Sometimes  such 
fittings  have  been  used  for  higher  pressures  without  accidents,  but 
it  is  very  risky  because,  although  all  fittings  are  designed  with  a 
large  margin  of  safety,  they  can  not  be  used  safely  beyond  their  indi- 
cated working  pressures,  and  it  is  not  only  dangerous  to  life  and 
property  to  employ  such  fittings,  but  it  is  false  economy. 

On  all  high-pressure  wells  especial  pains  should  be  taken  to  anchor 
the  fittings  in  an  adequate  manner,  and  reliance  should  not  be  placed 
entirely  on  threads,  especially  in  cast-iron  fittings. 


FiQDBB  15. — Flow  plpea  fitted 
to  casing  head,  with  master 
valve.     Top  view. 


FINISHING  A  COMBINATION  OIL  AND  GAS  WELL. 

In  some  wells  an  attempt  is  made  to  save  the  gas  by  shutting  it  in 
between  two  strings  of  casing  which  have  a  stuffing-box  casing  head, 
known  as  a  bradenhead,  at  the  top.    Usually  there  is  a  consider- 
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able  distance  between  the  bottom  of  the  one  casing  and  the  bottom 
of  the  other  where  the  gas  is  confined  in  direct  contact  with  the 
strata  penetrated,  some  of  which  are  usually  porous  (see  fig.  1). 
Much  of  the  gas  enters  the  more  permeable  strata,  sometimes  forcing 
itself  to  great  distances,  and  is  lost,  so  that  when  the  well  is  opened 
at  a  later  date  the  gas  has  escaped  to  such  an  extent  that  the  yield  is 
of  practically  no  value  to  the  owner.  In  some  instances  it  has  con- 
stituted a  formidable  danger  by  forming  a  stray  gas  sand,  which  has 
resulted  in  fires  at  gas  wells  with  attendant  loss  of  life  and  prop- 
erty. Such  a  fire  was  caused  in  the  Gushing  field.®  The  oil  and  gas 
in  a  field  can  not  be  completely  protected  so  long  as  they  have  access 
to  open  formations,  and  this  should  not  be  permitted. 

Taking  gas  from  between  casings  through  a  bradenhead  or  similar 
device  is  not  advocated  by  engineers  of  the  Bureau  of  Mines,  because 
the  gas  can  not  be  cared  for  properly,  and  it  has  been  found  from 
experience  that  such  a  method  of  producing  gas  is  not  satisfactory 
either  in  regard  to  conservation  or  in  the  returns  to  the  producer. 
The  pressure  and  volume  are  greatly  reduced  by  passing  the  gas  up 
between  the  casings,  and  the  flow  generally  lasts  but  a  short  time. 
If  there  is  open  hole  either  above  or  below  the  gas,  there  is  danger 
of  underground  waste.    If  the  open  hole  is  above  the  gas,  cavings 
drop  in  against  the  pipe  and  in  time  obstruct  or  entirely  prevent  the 
passage  of  the  gas.    Even  where  casings  are  seated  directly  above  or 
below  the  gas,  the  result  is  not  satisfactory,  for  there  is  no  way 
known  of  ridding  the  gas  of  water,  and  thus  the  water  accumulates 
and  may  drown  out  the  gas.    It  is  believed  that  it  will  be  found  a 
more  profitable  practice  to  drill  separate  wells  for  the  gas.    Gas  wells 
drain  a  far  larger  area  than  oil  wells,  hence  it  is  unnecessary  to  make 
each  oil  well  also  a  producer  of  gas.    A  combination  well  seems  justi- 
fied only  as  a  temporary  measure,  and  after  the  temporary  needs  have 
been  served  the  sands  should  be  mudded  off,  then  much  of  the  cas- 
ing may  be  recovered. 

In  drilling  a  combination  oil  and  gas  well  by  the  mud-laden  fluid 
method,  the  fluid  is  put  into  the  well  just  before  the  gas  sand  is 
reached,  after  which  drilling  proceeds  to  a  point  just  below  the  gas 
sand,  and  the  next  string  of  casing  is  inserted.  Before  this  final 
string  of  casing  is  seated  on  the  bottom,  which  can  be  done  either 
with  a  packer  or  shoe,  as  the  case  may  be,  the  fluid  inside  the  casing 
is  bailed  down,  that  on  the  outside  of  the  casing  being  lowered  at 
the  same  time.  A  bradenhead  is  attached  to  the  next  outer  string  of 
easing  and  packed.  The  gland  of  the  bradenhead  is  prevented  from 
taking  a  friction  hold  on  the  pipe  by  two  or  three  small  blocks  of 
wood.    Then,  when  the  fluid  has  been  removed  to  such  depth  that  its 

'  Sec  McMurray,  W.  F.,  and  Lewis,  J.  O.,  Underground  wastes  in  oil  and  gas  fields  and 
methods  of  prevention :  Tech.  Paper  130,  Bureau  of  Minea,  1016,  p.  14. 
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bjdrostatic  head  is  less  than  the  gas  pressure,  the  remaining  fluid 
can  blow  out  of  the  welL  The  casing  is  then  seated,  and  the 
bradenhead  bolts,  already  put  in  place,  are  tightened.  The  seating 
of  the  casing  in  this  manner  will  turn  the  gas  up  on  the  outside 
of  the  inner  casing  and  expel  through  the  bradenhead  that  part  of 
the  fluid  between  the  two  casings,  so  that  when  the  well  is  cleaned, 
which  will  not  take  more  than  a  few  minutes,  the  valves  of  the 
bradenhead  can  be  closed  and  drilling  proceed  into  the  oil  below  in 
the  usual  manner.  The  arrangement  of  the  casing  and  bradenhead 
is  shown  in  figure  2.  Caongs  should  be  landed  directly  above  and 
below  the  gas  deposit  in  order  to  eliminate  all  danger  of  under- 
srround  waste. 

A  number  of  methods  have  been  suggested  for  finishing  a  well 
where  it  is  desired  to  bring  gas  to  the  surface  between  casings  with- 
out the  necessity  of  landing  separate  strings  of  casing  directly  above 
and  below  the  gas  sand. 

Probably  some  of  the  suggested  combinations  of  casing  and  the 
use  of  mud  fluid,  with  or  without  packers,  will  be  successful  in  re- 
covering the  gas  without  using  extra  casing  and  at  the  same  time 
protecting  the  gas  from  other  formations.  So  far  as  known  to  the 
authors,  no  such  methods  have  been  used  in  actual  practice  and  they 
are  not  prepared  to  Say  whether  the  methods  will  be  successful  or  not. 

BEOPENING  A  SEALED  STBATTJH. 

Should  it  be  desired  to  recover  gas  from  a  sand  which  has  been 
sealed  off  with  mud-laden  fluid,  the  level  of  the  fluid  in  the  hole  is 
lowered  until  the  pressure  of  the  gas  is  sufficient  to  force  the  mud 
from  the  sand  and  to  clear  the  hole.  Usually  the  gas  can  be  recovered 
in  this  manner.  This  has  been  the  experience  in  the  Oklahoma  fields, 
but  there  are  several  cases  known  in  California  fields,  where  the  sands 
are  looeer,  that  the  gas  never  was  recovered  in  spite  of  all  efforts.  If 
the  pressure  in  a  gas  sand  has  been  lessened  since  the  mud  was  forced 
into  it,  there  may  not  be  sufficient  pressure  to  force  out  the  mud. 
Washing  the  hole  with  clear  water  may  be  an  aid  in  recovering  the 
gas,  and  in  a  firm  sand,  such  as  is  found  in  Oklahoma,  shooting  may 
also  help. 

It  should  be  noted  that  frequently  an  oil  or  gas  sand  is  drowned 
out  by  uidng  clear  water  and  the  oil  or  gas  can  not  be  recovered,  even 
after  the  water  has  been  pumped  off.  It  is  believed  that  there  is  a 
greater  chance  of  recovering  gas  that  has  been  sealed  off  with  mud 
fluid,  because  the  fluid  does  not  penetrate  as  far  into  the  sand  as  does 
water. 

It  is  often  possible  to  unseal  oil  sands.  Many  wells  are  drilled  by 
the  rotary  or  circulator  methods  through  the  oil  sands  with  mud  fluid 
in  the  hole.    However,  letting  mud  fluid  come  in  contact  with  an  oil 
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sand  from  which  it  is  desired  to  produce  should  be  avoided  when 
possible,  because  in  general  it  has  an  unfavorable  effect,  especially  it 
the  sand  is  of  small  capacity  or  of  weak  pressure. 

XrSB  OF  MUD  PLTJID  IN  ABANDONING  WELLS. 

I 

Mud-laden  fluid  can  be  used  to  advantage  when  a  well  is  to  be 
abandoned,  and  under  some  conditions  is  probably  the  only  practical 
and  economical  method  of  fully  protecting  the  oil,  gas,  or  water- 
bearing formations  penetrated  by  the  well.  The  usual  methods  pre- 
scribed by  State  laws  of  using  a  combination  of  wooden  plugs, 
cement,  and  crushed  rock  are  frequently  inadequate  and  will  not 
properly  protect  the  formations,  because  there  may  be  such  a  combi- 
nation of  conditions  in  the  hole  that  these  -methods  will  not  prevent 
waste  of  gas  or  the  flooding  of  oil  or  gas  deposits  with  water,  Nu- 
merouSs  instances  are  known  where  wells  plugged  as  provided  by 
the  State  law  have  erupted  gas  and  water,  and  there  are  undoubtedly 
many  other  instances  where  damage  has  gone  on  which  was  not  indi- 
cated from  surface  evidence.  The  mud-fluid  method  is  simple  and 
will  come  nearer  fitting  all  cases  than  any  other  method  known  to 
the  authors. 

In  using  this  method  the  hole  is  cleaned  to  the  bottom  and  then 
is  filled  to  the  top  with  very  thick  fluid.  This  drives  all  oil,  gas, 
or  water  away  from  the  hole  and  seals  off  each  formation,  so  that 
there  can  be  no  waste  to  the  surface  or  interconmiunication  between 
different  sands.  Care  must  be  taken  to  use  very  heavy  fluid,  so  that 
it  will  not  settle  much.  In  addition  to  filling  the  hole  with  fluid, 
plugs  or  other  materials  may  be  used  where  it  is  thought  advisable, 
but  it  is  considered  that  the  best  method  is  to  seal  off  all  strata 
with  the  mud  fluid  before  anything  else  is  put  into  the  hole. 

This  method  is  especially  adapted  to  conditions  similar  to  those 
described  on  pages  57  and  58,  where  the  ordinary  system  of  plugging 
with  wooden  plugs  and  rock  would  have  been  of  no  value  and  neither 
packers  nor  cement  could  be  set.  It  is  also  advantageous  in  wells 
where  casing  is  to  be  left  in  the  hole  or  it  is  desired  to  leave  the 
well  in  such  a  condition  that  at  a  later  date  it  may  be  opened  up  and 
brought  to  production  under  changed  economic  conditions.  The  pro- 
ductive stratum  can  be  protected  from  direct  contact  with  the  fluid 
by  bridging  above  the  stratum  or  filling  the  part  of  the  hole  through 
the  stratimi  with  sand  or  similar  material,  so  that  the  mud  is  pre- 
vented from  entering  the  productive  sand.  The  methods  of  pro- 
tecting the  sands  will  have  to  be  varied  according  to  the  conditions 
in  each  well. 

COST  OF  USING  MUD-LADEN  FLUID. 

Properly  applied,  the  extra  cost  of  using  mud-laden  fluid  will  not 
be  great,  and,  in  fact,  can  be  and  has  been  used  in  such  ways  as  to 


WAYS  AND  ADVANTAGES  OP  USING  MUD-LADEN  FLUID.  47 

effect  an  actual  saving  in  the  construction  of  wells.  Wherever  the 
use  of  mud  fluid  has  been  advocated,  it  has  been  under  such  condi- 
tions that  the  first  cost  will  be  lessened  or  the  extra  cost  will  be  more 
than  compensated  by  a  saving  of  gas  and  by  the  favorable  condition 
in  which  it  will  leave  the  well.  The  principal  ways  in  which  the 
use  of  mud-laden  fluid  may  be  employed  to  effect  savings  are: 

1.  By  preventing  surface  waste  of  gas. 

2.  By  preventing  underground  waste  of  oil  and  gas  and  by  pro- 
tecting minor  oil  and  gas  sands. 

3.  By  controlling  "wild"  wells  and  preventing  fires  and  other 
accidents. 

4.  In  drilling  through  high-pressure  sands  or  through  caving 
formations  and  running  sands. 

5.  By  the  use  of  less  casing  and  fewer  packers. 

6.  By  protecting  the  casing  against  corrosive  waters  and  ordinary 
disintegration. 

7.  By  shutting  off  strong  flows  of  water  and  protecting  fresh 
water. 

8.  In  repairing  and  abandoning  wells. 

9.  By  leaving  the  wells  in  such  condition  that  repairs,  damages, 
and  production  costs  will  be  less  during  the  life  of  the  property,  and 
the  value  of  the  property  will  be  generally  increased. 

The  operator  is  advised  to  make  provision  in  advance  for  pre- 
venting trouble  and  waste  rather  than  to  stop  them  after  they  have 
started  and  have  done  much  damage. 

The  extra  cost  of  "  mudding  in  "  a  string  of  casing  is  often  nom- 
inal. Operators  in  Oklahoma  have  reported  to  the  engineers  of  the 
Bureau  of  Mines  that  the  actual  cost  of  mudding  in  a  string  of  cas- 
ing has  been  as  little  as  $12,  and  in  a  number  of  instances  the  average 
cost  was  $30.  Sometimes  the  increased  wages  alone  demanded  by 
casing  crews  for  working  around  gas  will  be  as  much  as  the  cost  of 
using  mud  fluid.  The  actual  cost  will,  of  course,  vary  with  the  con- 
ditions and  the  efiiciency  of  those  using  the  method.  The  figures 
quoted  were  for  simple  conditions,  but  if  foresight  is  used  by  the 
operator,  usually  the  well  can  be  mudded  in  before  difficult  condi- 
tions develop  and  while  conditions  are  still  simple. 

If  there  is  much  caving  hole,  running  sands,  high-pressure  gas, 
or  strong  flows  of  water,  drilling  with  cable  tools  in  mud  fluid  may 
l)e  cheaper  and  even  faster  than  in  a  dry  hole.  Under  ordinary  con- 
ditions, however,  the  actual  drilling  costs  are  less  in  a  dry  hole,  and 
if  there  are  none  of  these  difficulties,  and  no  oil  or  gas  to  be  pro- 
tected, there  is  no  necessity  for  drilling  in  mud  fluid.  Where  the  gas 
is  found  in  commercial  quantities  the  saving  in  gas  alone  more  than 
compensates  for  the  time  lost  in  drilling  in  mud  fluid,  even  when  there 
is  nothing  to  interfere  with  the  speed  of  drilling  in  a  dry  hole. 
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Most  drillers  have  an  erroneous  impression  in  regard  to  the  speed 
of  drilling  with  mud  fluid.  It  is  hardly  any  slower  than  drilling  in 
clear  water,  and  in  caving  or  running  ground  it  will  be  much  faster. 
In  the  cases  where  it  has  been  efficiently  used  in  the  Gushing  field 
it  has  been  found  that  it  is  not  any  slower  than  the  dry-hole  method, 
because  no  stops  were  necessary  on  account  of  high-pressure  gas  and 
other  troubles.  The  prevention  of  accidents  and  fires,  to  say  nothing 
of  the  lives  saved,  in  high-pressure  gas  fields  are  strong  arguments 
for  its  use- 
By  using  mud  fluid  one  company  completed  several  wells  in  record 
times  in  a  part  of  the  Gushing  field,  where  the  high  gas  pressure  had 
caused  much  trouble  in  other  wells.  Drilling  was  conducted  in  mud 
fluid  from  the  time  gas  was  struck  until  it  had  been  sealed  in  and 
cased  off.  One  well  was  drilled  to  a  depth  of  approximately  2,700 
feet  in  33  days.  Not  only  was  the  gas  saved,  trouble  and  expense 
avoided,  but  the  company  was  enabled  to  obtain  the  advantage  of 
getting  its  wells  into  the  Bartlesville  oil  sand  before  its  competitors. 
An  important  saving,  and  one  readily  translated  into  dollars  and 
cents,  is  in  casing.  With  the  mud-laden  fluid  less  casing  need  be 
used  in  drilling  a  well,  and  less  need  be  left  in  after  it  is  finished. 
That  which  is  left  in  is  protected  against  corrosive  waters  and  ordi- 
nary disintegration.  Loss  from  corrosive  waters  does  not  stop  with 
the  damage  to  one  string  of  casing,  but  will  affect  other  casings,  or 
tubing,  and  will  increase  production  costs  and  injure  the  productive 
formations.  Defects  of  this  sort  are  certain  to  lessen  profits  and 
affect  the  value  of  the  property.  Mud  fluid  not  only  protects  the 
casing,  but  should  defects  develop  it  will  usually  indicate  the  source 
of  the  trouble  or  prevent  damage. 

The  extra  items  of  cost  consist  of  the  lubricator  (or  other  devices 
for  introducing  the  fluid),  the  pump,  preparation  of  the  mud  fluid, 
labor,  and  time. 

If  the  fluid  is  introduced  before  the  gas  is  struck,  the  lubricator  is 
not  necessary  and  the  special  slush  pump  can  be  dispensed  with. 
The  lubricator  is  constructed  of  standard  fittings,  so  that  afterwards 
the  parts  can  be  used  around  the  property  or  readily  disposed  of. 
The  slush  pump  can  be  used  on  many  wells,  and  if  it  is  a  small  one 
it  can  be  used  for  other  purposes  around  the  lease.  Usually  a  small 
company  can  arrange  to  rent  a  pump.  It  is  not  justifiable  to  charge 
the  full  cost  of  the  lubricator  and  pump  against  one  well. 

If  the  operator  has  saved  the  drillings  from  shales  and  clays  and 
kept  them  free  from  sand,  etc.,  it  will  cost  him  very  little  to  mix  his 
fluid ;  but  if  he  has  not  done  this,  it  may  be  necessary  to  haul  mate- 
rial for  making  fluid  at  considerable  expense.  If  the  operator  has 
made  provision  in  advance,  the  itemj?  of  labor  and  time  will  be  very 
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SDoall.  Ordinarily  a  few  hours  is  sufficient  to  control  a  well  after 
the  materials  and  apparatus  have  been  assembled. 

By  the  application  of  these  principles  one  company  has  effected 
an  average  saving  in  first  cost  of  $500  for  a  large  number  of  wells 
recently  drilled  in  the  Kansas  fields,  to  say  nothing  of  the  gas  saved 
and  the  protection  afforded  the  wells. 

Very  often  the  saving  in  gas  is  not  considered  in  taking  account  of 
the  cost  of  using  mud  fluid.  Nimierous  instances  can  be  cited  from 
the  Oklahoma  fields  where  the  gas  wasted  from  wells  that  could  be 
easily  controlled  by  mud  fluid  has  amounted  to  many  thousands  of 
dollars  at  current  field  prices.  During  a  period  of  30  days  in  the 
spring  of  1916  the  value  of  the  gas  wasted  from  12  wells  in  the 
Shamrock  Pool,  Oklahoma,  was  estimated  by  representatives  of  the 
Bureau  of  Mines  to  be  $52,800,  at  the  field  price  of  2|  cents  per  1,000 
cubic  feet. 

By  using  mud  fluid  such  waste  of  gas  can  be  prevented,  minor  oil 
and  gas  sands  can  be  protected  and  made  sources  of  future  profit, 
operating  costs  can  be  reduced,  and  the  value  of  the  property  in- 
creased. The  conditions  which  permit  waste  of  gas  ultimately  lead 
to  encroachment  of  water  and  other  evils  throughout  the  field,  which 
sooner  or  later  increase  costs,  lessen  profits,  and  reduce  the  amount 
of  oil  and  gas  that  can  be  brought  to  the  surface. 

Effective  conservation  in  a  district  means  that  the  market  will  be 
more  extensive  and  more  stable.  Greater  expenses  will  be  warranted 
in  gathering  and  distributing  gas.  The  marketing  companies  can 
afford  to  pay  more  for  the  gas,  because  the  cost  of  equipment  will  be 
apportioned  to  a  far  larger  quantity  of  gas,  and  to  enter  into  more 
favorable  contracts  and  effect  economies  which  only  an  assured  future 
supply  will  justify.  These  facts  will  more  than  offset  the  fear  of 
some  operators  that  the  increased  quantity  of  gas  will  depreciate  its 
value-  By  adequately  protecting  the  'gas,  the  producer  is  in  better 
position  for  making  favorable  disposal  of  it,  for  he  will  have  a 
greater  quantity  to  sell  and  will  not  have  to  sell  it  quickly  for  fear 
it  will  waste  away.  In  recent  months  the  field  prices  in  Oklahoma 
have  been  considerably  increased,  in  spite  of  the  great  quantities  of 
gas  developed  and  the  greater  proportion  now  being  saved  for  use. 
The  producers  are  finding  that  they  are  getting  i^to  a  better  position 
for  bargaining. 

A  few  operators  have  reported  wells  where  the  cost  of  using  mud 
fluid  has  been  very  high.  It  must  be  noted  that  the  method  has  been 
used  under  the  most  difficult  circumstances,  very  often  after  other 
methods  have  failed  and  left  the  well  in  damaged  condition,  or 
where  not  using  it  was  entailing  an  enormous  waste  of  gas.  Under 
the  same  conditions  of  high  pressure  and  large  volumes  of  gas. 
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there  have  been  frequent  cases  where  wells  have  cost  an  excessive 
amount  employing  other  methods.  The  operators  have  not  always 
given  the  process  a  fair  trial  and,  in  nearly  every  case,  the  excessive 
expense  can  be  traced  back  to  this  fact,  or  that  they  have  not  made 
adequate  preparations  nor  followed  directions.  A  careful  reading  of 
the  following  demonstrations  will  show  these  facts.  In  some  cases 
a  large  part  of  the  expenses  have  been  due  to  unnecessary  delay 
where  the  operator  either  did  not  make  provision  in  advance,  when 
he  knew  that  he  was  going  to  strike  high-pressure  gas  which  should 
be  saved,  or  he  made  no  effort  to  expedite  the  work.  Furthermore, 
some  operators,  in  their  estimates  of  expense,  did  not  take  into 
account  the  value  of  gas  which  would  have  wasted,  nor  did  they 
consider  the  ultimate  saving  by  the  protection  afforded  the  well  nor 
make  an  effort  to  take  advantage  of  the  methods  by  which  casing 
can  be  saved. 
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GENEBAL  CONDITIONS  IN  THE  MXD-CONTINENT  FIELDS. 

The  natural  conditions  affecting  the  conservation  of  oil  and  gas  are 
unusually  complex  in  the  Mid-Continent  fields.  There  are  a  large  num- 
ber of  sands  containing  gas,  oil,  or  water,  so  that  the  drill  may  pene- 
trate many  different  sands  and  in  every  conceivable  combination. 
Figure  16  (p.  62),  Plate  III  (p.  68),  and  figure  18  (p.  62)  show  the 
combination  of  sands  found  in  parts  of  the  Oklahoma  fields.  At 
Blackwell,  Okla.,  gas  sands  are  found  at  intervals  from  within  a  few 
hundred  feet  of  the  surface  to  a  depth  of  3,400  feet.  Gas  is  nearly 
always  found  associated  with  an  oil  pool  and  may  be  in  the  higher 
parts  of  the  same  sand  as  the  oil  or  in  sands  above  or  below  the  oil 
sand.  Pressures  as  great  as  1,300  pounds  per  square  inch  have  been 
found  in  some  of  the  deeper  wells,  and  flows  of  over  60,000,000  cubic 
feet  daily  have  been  reported  from  a  number  of  wells.  The  forma- 
tions resemble  those  in  the  fields  of  States  farther  east,  and  the  wells 
are  usually  drilled  under  contract  by  the  dry-hole  method. 

Under  such  complex  conditions  drilling  in  a  dry  hole  is  wasteful 
and  dangerous,  and  to  fully  protect  all  the  formations  by  the  use  of 
casings,  packers,  and  bradenheads  is  often  either  impracticable  or 
impossible.  Occasionally  the  gas  will -interfere  or  prevent  drilling 
until  the  pressure  has  been  reduced.  The  gas  is  developed  faster 
than  it  can  be  marketed,  and  to  finish  the  well  so  as  to  keep  it  stored 
in  the  ground  without  waste  delays  the  completion  of  the  well  by  the 
dry-hole  method  and  adds  to  the  expense. 

In  the  Gushing  field  the  incentive  of  obtaining  unusually  prolific 
oil  wells  below  the  gas*  sands  and  minor  oil  sands  led  operators  to 
disregard  the  protection  of  such  sands,  with  the  result  that  probably 
not  more  than  10  per  cent  of  all  the  gas  was  utilized,  and  on  many 
properties  it  was  necessary  to  purchase  fuel  within  a  year  from  the 
time  they  were  first  developed.  Furthermore,  the  inefficient  operat- 
ing methods  led  to  enormous  underground  waste  and  to  other  condi- 
tions which  have  reduced  the  recovery  of  oil  and  added  to  the  ex- 
pense. Had  the  mud-fluid  methods  been  used  as  demonstrated  early 
in  the  history  of  the  field  by  the  Bureau  of  Mines,  billions  of  cubic 
feet  of  gas  would  have  been  saved  at  a  cost  far  less  than  its  selling 
value. 

Although  it  was  soon  demonstrated  that  the  use  of  mud  fluid 
^vould  prevent  waste,  there  were  no  adequate  State  laws  to  compel 
the  conservation  of  the  gaa    The  Department  of  the  Interior  had  the 
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nuthorityto  enforce  conservation  on  the  Indinn  lands,  which  approxi- 
mate one-fifth  of  all  the  oil  lands  in  Oklahoma,  but  found  it  impriic- 
ticable  to  prevent  waste  on  most  of   the 
Indian  lands  so  long  as  waste  continued  in 
■rMh  Mtv       tijg  j-est  of  thg  field,  for  .the  gas  moves  so 
■>•*  wot--       freely  throughout  the  sand  that  it  is  almost 
useless  to  conserve  it  at  any  one  well,  ■when 
wells  neac  by  do  not  protect  the  gas.    For 
the  same  reasons,  those  operators  who  de- 
sired to  save  the  gas  were  powerless  so  long 
Sdtwo««r         as  their  neighbors  would  not. 
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Since  the  mud-fluid  method  was  intro- 
duced into  the  Mid-Continent  fields  by 
engineers  of  the  Bureau  of  Mines  in  March, 
1913,  it  has  been  used  in  over  200  wells 
whose  total  open  flow  was  much  in  excess 
of  a  billion  cubic  feet  of  gas  per  day.  The 
oases  handled  included  most  of  the  largest 
and  most  difficult  wells  found  during  this 
])eriod.  Id  many  instances  the  method  was 
used  after  the  operators  had  exhausted  all 
customary  means.  It  has  been  used  to  con- 
trol high  pressures,  large  flows  of  gas,  and 
wells  with  defective  casing,  and  to  conserve 
minor  sands  that  could  not  be  protected  by 
other  means,  because  of  conditions  or  the 
expense  of  shutting  them  off. 

The  method  has  gone  through  the  period 
of  severe  criticism  incident  to  the  use  of  all 
new  or  unfamiliar  methods.  Objections 
were  directed  partly  against  the  use  of  the 
method  itself  and  partly  against  the  appli- 
cation of  conservation  to  the  Oklahoma  oil 
and  gas  fields.  These  objections  have  been 
largely  removed  as  the  operators  have  be- 
come more  familiar  with  the  method  and 
its  practical  utility  has  been  demonstrated. 
One  company  alone  has  "mudded  in"  over 
40  wells  in  a  Kansas  field  where  prevention 
of  waste  is  not  compulsory,  and  has  not  only  protected  the  gas  but 
has  found  that  the  first  cost  of  the  wells  has  been  considerably  re- 
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duce<L  In  practically  every  case  the  troubles  reported  can  be  traced 
back  to  not  using  the  method  efficiently.  Prejudice,  unfamiliarity, 
and  not  making  adequate  preparations  in  advance,  have  been  the 
principal  causes  of  difficulties. 

The  nature  of  the  objections  to  the  use  of  the  mud-fluid  method 
in  Oklahoma  may  be  gained  from  those  brought  forth  at  a  hearing 
l)efore  the  Corporation  Commission  of  Oklahoma  in  the  latter  part 
of  October,  1915.  This  hearing  was  called  at  the  request  of  certain 
producers  in  regard  to  the  order  promulgated  by  the  commission  for 
the  enforcement  of  the  recently  enacted  gas-conservation  law.  Some 
of  the  largest  producing  companies  in  the  Oklahoma  fields  were  rep- 
resented at  this  hearing,  particularly  those  operating  in  the  Cushing 
Held.  It  is  to  be  presumed  that  the  objections  and  arguments  presented 
at  this  meeting,  represented  the  best  opinions  of  those  objecting 
to  the  use  of  the  mud-laden  fluid  at  that  time.  It  was  the  general 
sense  of  those  present  that  they  were  in  hearty  agreement  with  the 
purpose  of  the  law  to  conserve  gas,  but  that  the  order  of  the 
corporation  commission  was  impracticable,  put  the  producer  under 
an  unnecessary  expense,  and  that  the  facts  of  imderground  waste  in 
their  opinion  did  not  warrant  some  of  the  prescribed  measures. 

The  points  brought  out  by  the  objectors  at  this  meeting  were : 

1.  Denial  of  the  importance  of  underground  waste  and  of  the 
necessity  for  protecting  the  gas  from  open  hole; 

2.  That  drilling  could  not  be  conducted  in  mud  fluid; 

3.  That  drillings  could  not  be  bailed  from  a  hole  filled  with  mud 
fluid; 

4.  That  the  mud  fluid  would  settle  and  dry  out  behind  the  casings ; 

5.  That  practically  all  formations  in  Oklahoma  contained  sand, 
and  are  not  suitable  for  making  mud  fluid ; 

6.  That  mud  fluid  would  cause  the  tools  and  the  casings  to  stick. 

7.  That  its  use  would  cause  trouble  in  drilling  and  additional 
expense. 

A  careful  reading  of  this  bulletin  and  the  publications  referred  to 
in  it  will  supply  the  answers  to  these  objections. 

BEMONSTRA^TIONS  AT  WELLS  IN  OKLAHOMA. 

In  order  to  illustrate  the  use  of  mud-laden  fluid  in  fields  like 
those  of  Oklahoma,  the  following  cases  are  cited.  They  have  been 
selected  to  show  the  diversified  conditions  under  which  it  can  be 
used.  The  demonstrations  include  the  control  of  difficult  wells,  the 
saving  of  gas,  the  protection  of  minor  oil  and  gas  sands,  the  repair- 
ing of  wells,  and  other  uses.  Only  cases  where  representatives  of 
the  Bureau  of  Mines  were  present  are  included.    Some  of  the  demon- 
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able  distance  between  the  bottom  of  the  one  casing  and  the  bottom 
of  the  other  where  the  gas  is  confined  in  direct  contact  with  the 
strata  penetrated,  some  of  which  are  usually  porous  (see  fig.  1). 
Much  of  the  gas  enters  the  more  permeable  strata,  sometimes  forcing 
itself  to  great  distances,  and  is  lost,  so  that  when  the  well  is  opened 
at  a  later  date  the  gas  has  escaped  to  such  an  extent  that  the  yield  is 
of  practically  no  value  to  the  owner.  In  some  instances  it  has  con- 
stituted a  formidable  danger  by  forming  a  stray  gas  sand,  which  has 
resulted  in  fires  at  gas  wells  with  attendant  loss  of  life  and  prop- 
erty. Such  a  fire  was  caused  in  the  Gushing  field.^  The  oil  and  gas 
in  a  field  can  not  be  completely  protected  so  long  as  they  have  access 
to  open  formations,  and  this  should  not  be  permitted. 

Taking  gas  from  between  casings  through  a  bradenhead  or  similar 
device  is  not  advocated  by  engineers  of  the  Bureau  of  Mines,  because 
the  gas  can  not  be  cared  for  properly,  and  it  has  been  found  from 
experience  that  such  a  method  of  producing  gas  is  not  satisfactory 
either  in  regard  to  conservation  or  in  the  returns  to  the  producer. 
The  pressure  and  volume  are  greatly  reduced  by  passing  the  gas  up 
between  the  casings,  and  the  flow  generally  lasts  but  a  short  time. 
If  there  is  open  hole  either  above  or  below  the  gas,  there  is  danger 
of  underground  waste.  If  the  open  hole  is  above  the  gas,  cavings 
drop  in  against  the  pipe  and  in  time  obstruct  or  entirely  prev^it  the 
passage  of  the  gas.  Even  where  casings  are  seated  directly  above  or 
below  the  gas,  the  result  is  not  satisfactory,  for  there  is  no  way 
known  of  ridding  the  gas  of  water,  and  thus  the  water  accumulates 
and  may  drown  out  the  gas.  It  is  believed  that  it  will  be  found  a 
more  profitable  practice  to  drill  separate  wells  for  the  gas.  Gas  wells 
drain  a  far  larger  area  than  oil  wells,  hence  it  is  unnecessary  to  make 
each  oil  well  also  a  producer  of  gas.  A  combination  well  seems  justi- 
fied only  as  a  temporary  measure,  and  after  the  temporary  needs  have 
been  served  the  sands  should  be  mudded  off,  then  much  of  the  cas- 
ing may  be  recovered. 

In  drilling  a  combination  oil  and  gas  well  by  the  mud-laden  fluid 
method,  the  fluid  is  put  into  the  well  just  before  the  gas  sand  is 
reached,  after  which  drilling  proceeds  to  a  point  just  below  the  gas 
sand,  and  the  next  string  of  casing  is  inserted.  Before  this  final 
string  of  casing  is  seated  on  the  bottom,  which  can  be  done  either 
with  a  packer  or  shoe,  as  the  case  may  be,  the  fluid  inside  the  casing 
is  bailed  down,  that  on  the  outside  of  the  casing  being  lowered  at 
the  same  time.  A  bradenhead  is  attached  to  the  next  outer  string  of 
casing  and  packed.  The  gland  of  the  bradenhead  is  prevented  from 
taking  a  friction  hold  on  the  pipe  by  two  or  three  small  blocks  of 
wood.    Then,  when  the  fluid  has  been  removed  to  such  depth  that  its 

«  See  McMurray,  W.  F..  nod  Lewis,  J.  O.,  rnderground  wastes  In  oil  and  gas  fields  and 
methods  of  prevention :  Tech.  Paper  130,  Bureau  of  MineSi  1016,  p.  14. 
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hydrostatic  head  is  less  than  the  gas  pressure,  the  remainiDg  fluid 
can  blow  out  of  the  well.    The  casing  is  then  seated,  and  the 
bradenhead  bolts,  already  put  in  place,  are  tightened.    The  seating 
of  the  casing  in  this  manner  will  turn  the  gas  up  on  the  outside 
of  the  inner  casing  and  expel  through  the  bradenhead  that  part  of 
r;^       the  fluid  between  the  two  casings,  so  that  when  the  well  is  cleaned, 
.  I      which  will  not  take  more  than  a  few  minutes,  the  valves  of  the 
j^  I  *  bradenhead  can  be  closed  and  drilling  proceed  into  the  oil  below  in 
[  .|      the  usual  manner.    The  arrangement  of  the  casing  and  bradenhead 
£  j      is  shown  in  figure  2.    Casings  should  be  landed  directly  above  and 
below  the  gas  deposit  in  order  to  eliminate  all  danger  of  under- 
ground waste. 

A  number  of  methods  have  been  suggested  for  finishing  a  well 
where  it  is  desired  to  bring  gas  to  the  sur^ce  between  casings  with- 
out the  necessity  of  landing  separate  strings  of  casing  directly  above 
and  below  the  gas  sand. 

Probably  some  of  the  suggested  combinations  of  caring  and  the 
use  of  mud  fluid,  with  or  without  packers,  will  be  successful  in  re- 
covering the  gas  without  using  extra  casing  and  at  the  same  time 
protecting  the  gas  from  other  formations.  So  far  as  known  to  the 
authors,  no  such  methods  have  been  used  in  actual  practice  and  they 
are  not  prepared  to  say  whether  the  methods  will  be  successful  or  not. 

BEOFENING  A  SEALED  STBATUM. 

Should  it  be  desired  to  recover  gas  from  a  sand  which  has  been 
sealed  off  with  mud-laden  fluid,  the  level  of  the  fluid  in  the  hole  is 
lowered  until  the  pressure  of  the  gas  is  sufficient  to  force  the  mud 
from  the  sand  and  to  dear  the  hole.  Usually  the  gas  can  be  recovered 
in  this  manner.  This  has  been  the  experience  in  the  Oklahoma  fields, 
but  there  are  several  cases  known  in  California  fields,  where  the  sands 
are  looser,  that  the  gas  never  was  recovered  in  spite  of  all  efforts.  If 
the  pressure  in  a  gas  sand  has  been  lessened  since  the  mud  was  forced 
into  it,  there  may  not  be  sufficient  pressure  to  force  out  the  mud. 
Washing  the  hole  with  clear  water  may  be  an  aid  in  recovering  the 
gas,  and  in  a  firm  sand,  such  as  is  found  in  Oklahoma,  shooting  may 
also  help. 

It  should  be  noted  that  frequently  an  oil  or  gas  sand  is  drowned 
out  by  using  clear  water  and  the  oil  or  gas  can  not  be  recovered,  even 
after  the  water  has  been  pumped  off.  It  is  believed  that  there  is  a 
greater  chance  of  recovering  gas  that  has  been  sealed  off  with  mud 
fluid,  because  the  fluid  does  not  penetrate  as  far  into  the  sand  as  does 
water. 

It  is  often  possible  to  unseal  oil  sands.  Many  wells  are  drilled  by 
the  rotary  or  circulator  methods  through  the  oil  sands  with  mud  fluid 
in  the  hole.    However,  letting  mud  fluid  come  in  contact  with  an  oil 
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sand  from  which  it  is  desired  to  produce  should  be  avoided  when 
possible,  because  in  general  it  has  an  unfavorable  effect,  especially  if 
the  sand  is  of  small  capacity  or  of  weak  pressure. 

TTSE  OF  MTTD  ELTJID  IN  ABANDONING  WELLa 

Mud-laden  fluid  can  be  used  to  advantage  when  a  well  is  to  be 
abandoned,  and  under  some  conditions  is  probably  the  only  practical 
and  economical  method  of  fully  protecting  the  oil,  gas,  or  water- 
bearing formations  penetrated  by  the  well.  The  usual  methods  pre- 
scribed by  State  laws  of  using  a  combination  of  wooden  plugs, 
cement,  and  crushed  rock  are  frequently  inadequate  and  will  not 
properly  protect  the  formations,  because  there  may  be  such  a  combi- 
nation of  conditions  in  the  hole  that  these  ^methods  will  not  prevent 
waste  of  gas  or  the  flooding  of  oil  or  gas  deposits  with  water.  Nu- 
merous instances  are  known  where  wells  plugged  as  provided  by 
the  State  law  have  erupted  gas  and  water,  and  there  are  undoubtedly 
many  other  instances  where  damage  has  gone  on  which  was  not  indi- 
cated from  surface  evidence.  The  mud-fluid  method  is  simple  and 
will  come  nearer  fitting  all  cases  than  any  other  method  known  to 
the  authors. 

In  using  this  method  the  hole  is  cleaned  to  the  bottom  and  then 
is  filled  to  the  top  with  very  thick  fluid.  This  drives  all  oil,  gas, 
or  water  away  from  the  hole  and  seals  off  each  formation,  so  that 
there  can  be  no  waste  to  the  surface  or  intercommunication  between 
different  sands.  Care  must  be  taken  to  use  very  heavy  fluid,  so  that 
it  will  not  settle  much.  In  addition  to  filling  the  hole  with  fluid, 
plugs  or  other  materials  may  be  used  where  it  is  thought  advisable, 
but  it  is  considered  that  the  best  method  is  to  seal  off  all  strata 
with  the  mud  fluid  before  anything  else  is  put  into  the  hole. 

This  method  is  especially  adapted  to  conditions  similar  to  those 
described  on  pages  57  and  58,  where  the  ordinary  system  of  plugging 
with  wooden  plugs  and  rock  would  have  been  of  no  value  and  neither 
packers  nor  cement  could  be  set.  It  is  also  advantageous  in  wells 
where  casing  is  to  be  left  in  the  hole  or  it  is  desired  to  leave  the 
well  in  such  a  condition  that  at  a  later  date  it  may  be  opened  up  and 
brought  to  production  under  changed  economic  conditions.  The  pro- 
ductive stratum  can  be  protected  from  direct  contact  with  the  fluid 
by  bridging  above  the  stratum  or  filling  the  part  of  the  hole  through 
the  stratum  with  sand  or  similar  material,  so  that  the  mud  is  pre- 
vented from  entering  the  productive  sand.  The  methods  of  pro- 
tecting the  sands  will  have  to  be  varied  according  to  the  conditions 
in  each  well. 

COST  OF  USING  MUD-LADEN  FLUID. 

Properly  applied,  the  extra  cost  of  using  mud-laden  fluid  will  not 
be  great,  and,  in  fact,  can  be  and  has  been  used  in  such  ways  as  to 
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effect  an  actual  saving  in  the  construction  of  wells.  Wherever  the 
use  of  mud  fluid  has  been  advocated,  it  has  been  under  such  condi- 
tions that  the  first  cost  will  be  lessened  or  the  extra  cost  will  be  more 
than  compensated  by  a  saving  of  gas  and  by  the  favorable  condition 
in  which  it  will  leave  the  well.  The  principal  ways  in  which  the 
use  of  mud-laden  fluid  may  be  employed  to  effect  savings  are: 

1.  By  preventing  surface  waste  of  gas. 

2.  By  preventing  underground  waste  of  oil  and  gas  and  by  pro- 
tecting minor  oil  and  gas  sands. 

3.  By  controlling  "wild"  wells  and  preventing  fires  and  other 
accidents. 

4.  In  drilling  through  high-pressure  sands  or  through  caving 
formations  and  running  sands. 

5.  By  the  use  of  less  casing  and  fewer  packers. 

6.  By  protecting  the  casing  against  corrosive  waters  and  ordinary 
disintegration. 

7.  By  shutting  off  strong  flows  of  water  and  protecting  fresh 
water. 

8.  In  repairing  and  abandoning  wells. 

9.  By  leaving  the  wells  in  such  condition  that  repairs,  damages, 
and  production  costs  will  be  less  during  the  life  of  the  property,  and 
the  value  of  the  property  will  be  generally  increased. 

The  operator  is  advised  to  make  provision  in  advance  for  pre- 
venting trouble  and  waste  rather  than  to  stop  them  after  they  have 
started  and  have  done  much  damage. 

The  extra  cost  of  "  mudding  in  "  a  string  of  casing  is  often  nom- 
inal. Operators  in  Oklahoma  have  reported  to  the  engineers  of  the 
Bureau  of  Mines  that  the  actual  cost  of  mudding  in  a  string  of  cas- 
ing has  been  as  little  as  $12,  and  in  a  number  of  instances  the  average 
cost  was  $30.  Sometimes  the  increased  wages  alone  demanded  by 
casing  crews  for  working  around  gas  will  be  as  much  as  the  cost  of 
using  mud  fluid.  The  actual  cost  will,  of  course,  vary  with  the  con- 
ditions and  the  eflBciency  of  those  using  the  method.  The  figures 
quoted  were  for  simple  conditions,  but  if  foresight  is  used  by  the 
operator,  usually  the  well  can  be  mudded  in  before  difficult  condi- 
tions develop  and  while  conditions  are  still  simple. 

If  there  is  much  caving  hole,  running  sands,  high-pressure  gas, 
or  strong  flows  of  water,  drilling  with  cable  tools  in  mud  fluid  may 
be  cheaper  and  even  faster  than  in  a  dry  hole.  Under  ordinary  con- 
ditions, however,  the  actual  drilling  costs  are  less  in  a  dry  hole,  and 
if  there  are  none  of  these  difficulties,  and  no  oil  or  gas  to  be  pro- 
tected, there  is  no  necessity  for  drilling  in  mud  fluid.  Where  the  gas 
is  found  in  conmiercial  quantities  the  saving  in  gas  alone  more  than 
compensates  for  the  time  lost  in  drilling  in  mud  fluid,  even  when  there 
is  nothing  to  interfere  with  the  speed  of  drilling  in  a  dry  hole. 

52432**— Bull.  134—16 4 
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Most  drillers  have  an  erroneous  impression  in  regard  to  the  speed 
of  drilling  with  mud  fluid.  It  is  hardly  any  slower  than  drilling  in 
clear  water,  and  in  caving  or  running  ground  it  will  be  much  faster. 
In  the  cases  w  here  it  has  been  efficiently  used  in  the  Gushing  field 
it  has  been  found  that  it  is  not  any  slower  than  the  dry-hole  method, 
because  no  stops  were  necessary  on  account  of  high-pressure  gas  and 
other  troubles.  The  prevention  of  accidents  and  fires,  to  say  nothing 
of  the  lives  saved,  in  high-pressure  gas  fields  are  strong  arguments 
for  its  use. 

By  using  mud  fluid  one  company  completed  several  wells  in  record 
times  in  a  part  of  the  Gushing  field,  where  the  high  gas  pressure  had 
caused  much  trouble  in  other  wells.  Drilling  was  conducted  in  mud 
fluid  from  the  time  gas  was  struck  until  it  had  been  sealed  in  and 
cased  off.  One  well  was  drilled  to  a  depth  of  approximately  2,700 
feet  in  33  days.  Not  only  was  the  gas  saved,  trouble  and  expense 
avoided,  but  the  company  was  enabled  to  obtain  the  advantage  of 
getting  its  wells  into  the  Bartlesville  oil  sand  before  its  competitors. 

An  important  saving,  and  one  readily  translated  into  dollars  and 
cents,  is  in  casing.  With  the  mud-laden  fluid  less  casing  need  be 
used  in  drilling  a  well,  and  less  need  be  left  in  after  it  is  finished. 
That  which  is  left  in  is  protected  against  corrosive  waters  and  ordi- 
nary disintegration.  Loss  from  corrosive  waters  does  not  stop  with 
the  damage  to  one  string  of  casing,  but  will  affect  other  casings,  or 
tubing,  and  will  increase  production  costs  and  injure  the  productive 
formations.  Defects  of  this  sort  are  certain  to  lessen  profits  and 
affect  the  value  of  the  property.  Mud  fluid  not  only  protects  the 
casing,  but  should  defects  develop  it  will  usually  indicate  the  source 
of  the  trouble  or  prevent  damage. 

The  extra  items  of  cost  consist  of  the  lubricator  (or  other  devices 
for  introducing  the  fluid),  the  pump,  preparation  of  the  mud  fluid, 
labor,  and  time. 

If  the  fluid  is  introduced  before  the  gas  is  struck,  the  lubricator  is 
not  necessary  and  the  special  slush  pump  can  be  dispensed  with. 
The  lubricator  is  constructed  of  standard  fittings,  so  that  afterwards 
the  parts  can  be  used  around  the  property  or  readily  disposed  of. 
The  slush  pump  can  be  used  on  many  w^ells,  and  if  it  is  a  small  one 
it  can  be  used  for  other  purposes  around  the  lease.  Usually  a  small 
company  can  arrange  to  rent  a  pump.  It  is  not  justifiable  to  charge 
the  full  cost  of  the  lubricator  and  pump  against  one  well. 

If  the  operator  has  saved  the  drillings  from  shales  and  clays  and 
kept  them  free  from  sand,  etc.,  it  will  cost  him  very  little  to  mix  his 
fluid ;  but  if  he  has  not  done  this,  it  may  be  necessary  to  haul  mate- 
rial for  making  fluid  at  considerable  expense.  If  the  operator  has 
made  provision  in  advance,  the  items  of  labor  and  time  will  be  very 
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small.  Ordinarily  a  few  hours  is  sufficient  to  control  a  well  after 
the  materials  and  apparatus  have  been  assembled. 

By  the  application  of  these  principles  one  company  has  effected 
an  average  saving  in  first  cost  of  $500  for  a  large  number  of  wells 
recently  drilled  in  the  Kansas  fields,  to  say  nothing  of  the  gas  saved 
and  the  protection  afforded  the  wells. 

Very  often  the  saving  in  gas  is  not  considered  in  taking  account  of 
the  cost  of  using  mud  fluid.  Numerous  instances  can  be  cited  from 
the  Oklahoma  fields  where  the  gas  wasted  from  wells  that  could  be 
easily  controlled  by  mud  fluid  has  amounted  to  many  thousands  of 
dollars  at  current  field  prices.  During  a  period  of  30  days  in  the 
spring  of  1916  the  value  of  the  gas  wasted  from  12  wells  in  the 
Shamrock  Pool,  Oklahoma,  was  estimated  by  representatives  of  the 
Bureau  of  Mines  to  be  $52,800,  at  the  field  price  of  2^  cents  per  1,000 
cubic  feet. 

By  using  mud  fluid  such  waste  of  gas  can  be  prevented,  minor  oil 
and  gas  sands  can  be  protected  and  made  sources  of  future  profit, 
operating  costs  can  be  reduced,  and  the  value  of  the  property  in- 
creased. The  conditions  which  permit  waste  of  gas  ultimately  lead 
to  encroachment  of  water  and  other  evils  throughout  the  field,  which 
sooner  or  later  increase  costs,  lessen  profits,  and  reduce  the  amount 
of  oil  and  gas  that  can  be  brought  to  the  surface. 

Effective  conservation  in  a  district  means  that  the  market  will  be 
more  extensive  and  more  stable.  Greater  expenses  will  be  warranted 
in  gathering  and  distributing  gas.  The  marketing  companies  can 
afford  to  pay  more  for  the  gas,  because  the  cost  of  equipment  will  be 
apportioned  to  a  far  larger  quantity  of  gas,  and  to  enter  into  more 
favorable  contracts  and  effect  economies  which  only  an  assured  future 
supply  will  justify.  These  facts  will  more  than  offset  the  fear  of 
some  operators  that  the  increased  quantity  of  gas  will  depreciate  its 
value.  By'  adequately  protecting  the  gas,  the  producer  is  in  better 
position  for  making  favorable  disposal  of  it,  for  he  will  have  a 
greater  quantity  to  sell  and  will  not  have  to  sell  it  quickly  for  fear 
it  will  waste  away.  In  recent  months  the  field  prices  in  Oklahoma 
have  been  considerably  increased,  in  spite  of  the  great  quantities  of 
gas  developed  and  the  greater  proportion  now  being  saved  for  use. 
The  producers  are  finding  that  they  are  getting  iijto  a  better  position 
for  bargaining. 

A  few  operators  have  reported  wells  where  the  cost  of  using  mud 
fluid  has  been  very  high.  It  must  be  noted  that  the  method  has  been 
used  under  the  most  difficult  circumstances,  very  often  after  other 
methods  have  failed  and  left  the  well  in  damaged  condition,  or 
where  not  using  it  was  entailing  an  enormous  waste  of  gas.  Under 
the  same  conditions  of  high  pressure  and  large  volumes  of  gas, 
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there  have  been  frequent  cases  where  wells  have  cost  an  excessive 
amount  employing  other  methods.  The  operators  have  not  always 
given  the  process  a  fair  trial  and,  in  nearly  every  case,  the  excessive 
expense  can  be  traced  back  to  this  fact,  or  that  they  have  not  made 
adequate  preparations  nor  followed  directions.  A  careful  reading  of 
the  following  demonstrations  will  show  these  facts.  In  some  cases 
a  large  part  of  the  expenses  have  been  due  to  unnecessary  delay 
where  the  operator  either  did  not  make  provision  in  advance,  when 
he  knew  that  he  was  going  to  strike  high-pressure  gas  which  should 
be  saved,  or  he  made  no  effort  to  expedite  the  work.  Furthermore, 
some  operators,  in  their  estimates  of  expense,  did  not  take  into 
account  the  value  of  gas  which  would  have  wasted,  nor  did  they 
consider  the  ultimate  saving  by  the  protection  afforded  the  well  nor 
make  an  effort  to  take  advantage  of  the  methods  by  which  casing 
can  be  saved. 
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GEKEBAL  CONDITIONS  IN  THE  MXD-CONTINENT  FIELDS. 

The  natural  conditions  affecting  the  conservation  of  oil  and  gas  are 
unusually  complex  in  the  Mid-Continent  fields.  There  are  a  large  num- 
ber of  sands  containing  gas,  oil,  or  water,  so  that  the  drill  may  pene- 
trate many  different  sands  and  in  every  conceivable  combination. 
Figure  16  (p.  52),  Plate  III  (p.  68),  and  figure  18  (p.  62)  show  the 
combination  of  sands  found  in  parts  of  the  Oklahoma  fields.  At 
Blackwell,  Okla.,  gas  sands  are  found  at  intervals  from  within  a  few 
hundred  feet  of  the  surface  to  a  depth  of  3,400  feet.  Gas  is  nearly 
always  found  associated  with  an  oil  pool  and  may  be  in  the  higher 
parts  of  the  same  sand  as  the  oil  or  in  sands  above  or  below  the  oil 
sand.  Pressures  as  great  as  1,300  pounds  per  square  inch  have  been 
found  in  some  of  the  deeper  wells,  and  flows  of  over  50,000,000  cubic 
feet  daily  have  been  reported  from  a  number  of  wells.  The  forma- 
tions resemble  those  in  the  fields  of  States  farther  east,  and  the  wells 
are  usually  drilled  under  contract  by  the  dry-hole  method. 

Under  such  complex  conditions  drilling  in  a  dry  hole  is  wasteful 
and  dangerous,  and  to  fully  protect  all  the  formations  by  the  use  of 
casings,  packers,  and  bradenheads  is  often  either  impracticable  or 
impossible.  Occasionally  the  gas  will -interfere  or  prevent  drilling 
until  the  pressure  has  been  reduced.  The  gas  is  developed  faster 
than  it  can  be  marketed,  and  to  finish  the  well  so  as  to  keep  it  stored 
in  the  ground  without  waste  delays  the  completion  of  the  well  by  the 
dry-hole  method  and  adds  to  the  expense. 

In  the  Gushing  field  the  incentive  of  obtaining  unusually  prolific 
oil  wells  below  the  gas"  sands  and  minor  oil  sands  led  operators  to 
disregard  the  protection  of  such  sands,  with  the  result  that  probably 
not  more  than  10  per  cent  of  all  the  gas  was  utilized,  and  on  many 
properties  it  was  necessary  to  purchase  fuel  within  a  year  from  the 
time  they  were  first  developed.  Furthermore,  the  inefficient  operat- 
ing methods  led  to  enormous  underground  waste  and  to  other  condi- 
tions which  have  reduced  the  recovery  of  oil  and  added  to  the  ex- 
pense. Had  the  mud-fluid  methods  been  used  as  demonstrated  early 
in  the  history  of  the  field  by  the  Bureau  of  Mines,  billions  of  cubic 
feet  of  gas  would  have  been  saved  at  a  cost  far  less  than  its  selling 
value. 

Although  it  was  soon  demonstrated  that  the  use  of  mud  fluid 
would  prevent  waste,  there  were  no  adequate  State  laws  to  compel 
the  conservation  of  the  gas.    The  Department  of  the  Interior  had  the 
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flow  of  gas  was  reported  at  22,000,000  cubic  feet  daily.  The  total 
amount  of  gas  wasted  is  estimated  to  be  not  less  than  6,000,000,000 
cubic  feet.  The  conditions  as  found  in  this  field  are  similar  to  those 
in  the  Gushing  field  and  it  is  evident  that  no  combination  of  casing 
or  packers  would  have  protected  all  the  gas  sands  penetrated  by 
the  well. 

SHUTTING  GAS  AND  W^ATER  OUT  OF  AN  OIL  WELL. 

The  Foster  &  Davis  No.  2  well  was  located  2,000  feet  distant  from 
the  White  &  Smclair  well,  m  sec.  36,  T.  24  N.,  R.  8  E.,  and  was  the 
only  other  well  in  this  pool  which  had  been  drilled  into  the  Bartles- 
ville  sand.  It  was  originally  drilled  to  2,225  feet  and  reached  the 
Mississippi  limestone.  It  was  later  plugged  at  2,159  feet  to  exclude 
bottom  water.  The  well  was  completed  January  2, 1915,  and  showed 
an  initial  production  of  50  barrels  of  oil  from  the  Bartlesville  sand 
and  a  large  volume  of  gas.  When  inspected  in  August,  1915,  it  was 
producing  a  small  amount  of  "  roily  "  oil  and  much  water ;  two  or 
three  million  cubic  feet  of  gas  was  escaping  through  the  bradenhead. 
The  company  believed  that  the  water  was  coming  from  the  Missis- 
sippi formation,  which  had  been  plugged  off,  and  that  it  would  be 
necessary  to  abandon  the  well.  Instructions  were  given  to  shut  in 
the  gas  but  the  company  claimed  this  was  an  impossibility.  On  the 
suggestion  of  Mr.  Aggers,  mud  fluid  was  introduced  by  the  lubri- 
cator method  without  difficulty  behind  the  GJ-inch  casing,  which  was 
landed  above  the  Bartlesville  sand.  The  well  made  150  barrels  of 
good  oil  within  the  next  24  hours  and  afterwards  settled  down  to  a 
production  of  12  barrels  of  clear  oil  and  10  barrels  of  water  daily. 
The  use  of  mud  fluid  in  this  case  shut  off  all  the  gas  and  most  of  the 
water  and  saved  the  well  to  the  owners,  who  otherwise  would  have 
abandoned  it.  It  is  evident  that  the  6f -inch  casing  was  not  seated 
securely,  as  thought  by  the  owners,  and  that  most  of  the  water  was 
coming  from  above  the  Bartlesville  sand  and  not  from  the  Mississippi 
limestone  below. 

In  these  last  two  demonstrations  the  conditions  of  the  wells  made 
it  necessary  to  introduce  the  mud  fluid  between  the  casings  from  the 
top,  which  as  a  rule  is  not  advisable,  because  of  reasons  given  else- 
where in  this  paper. 

REPAIRING  A  SMALL  GAS  WELL. 

A  case  which  would  have  entailed  considerable  expense  and  trouble 
by  other  methods  was  easily  remedied  bv  the  use  of  the  mud-laden 
fluid. 

On  November  8,  1914,  the  Indian  Territory  Illuminating  Oil  Co. 
completed  a  small  gas  well  in  sec.  22,  T.  25  N.,  R.  XI  E.,  in  the  Osage 
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Reservation.  About  August,  1915,  the  well  commenced  to  show  salt ' 
v.ater,  which  increased  in  quantity  and  did  much  damage  to  the  sur- 
face ground  about  the  well.  The  tubing  was  pulled  and  found  to  be 
eaten  through  in  several  places  by  the  water.  In  attempting  to  repair 
the  well  a  packer  and  several  joints  of  tubing  were  inadvertently 
left  in  the  hole. 

The  company  was  preparing  to  abandon  the  well,  but  upon  the 
advice  of  Inspector  H.  D.  Aggers  the  following  method  was  used  to 
repair  it.  Tubing,  with  a  swedge  nipple  on  the  bottom  and  a  packer 
placed  above,  was  put  in  the  hole  and  the  packer  set  below  the  6J- 
iiich  casing,  which  was  landed  above  the  gas  sand.  The  swedge 
nipple  was  set  over  the  tubing  which  had  not  been  fished  out  of 
the  hole.  This  shut  off  the  water.  When  the  well  was  closed  in 
overnight  the  water,  owing  to  accumulated  pressure,  burst  past  the 
packer.  The  3-inch  tubing  which  had  been  used  was  then  replaced 
by  2-inch  tubing,  as  had  been  advised  by  Mr.  Aggers  at  first,  as  in  his 
opinion  the  volume  of  the  gas  was  too  small  to  lift  the  water  out  of 
the  larger-sized  tubing.  When  the  packer  was  set  again,  it  was 
placed  in  the  6f-inch  casing  and  all  the  water  was  shut  off,  showing 
that  it  was  not  coming  from  the  gas  sand  nor  from  under  the  casing 
seat,  but  had  eaten  through  both  the  casing  and  the  tubiag.  Thick 
mud  was  then  placed  behind  the  casing  and  between  the  casing  and 
the  tubing.  The  mud  fluid  kept  the  water  from  entering  the  well 
and  corroding  the  tubing.  By  this  method  the  gas  was  left  dry  and  > 
in  good  condition,  and  the  life  of  a  well  which  would  otherwise  have 
been  abandoned  has  been  prolonged. 

CONTROLLING  A   HIGH-PRESSURE  GAS  WELL. 

A  case  siniilar  to  the  White  &  Sinclair  well  No.  2,  in  the  Osage 
Rdfeervation,  was  that  of  the  McMan  Oil  Co.'s  well  No.  1,  on  the 
Mikey  farm,  located  in  the  southern  extension  of  the  Gushing  field. 
The  conditions  are  shown  in  figure  18. 

No  attempt  was  made  to  shut  in  the  gas  until  the  S^-inch  casing 
had  been  landed  below  the  Layton  sjind,  when  the  Layton  gas  was 
shut  in  between  the  8J  and  10  inch  casings  with  a  bradenhead. 
The  pressure  of  the  gas  unseated  the  10-inch  casing,  thus  letting 
the  water,  which  had  access  to  the  Bruner  sand,  also  have  access 
to  the  Layton  sand,  affecting  a  total  daily  flow  of  40,000,000 
cubic  feet  of  gas.  An  effort  was  made  to  drown  out  the  gas  by 
letting  the  water  stand  on  the  Layton  and  Bruner  sands.  A  gate 
was  placed  on  the  10-inch  pipe,  but  when  the  gate  was  closed  it  was 
torn  off  almost  immediately,  along  with  a  10-inch  nipple,  and  wrecked 
two  sides  of  the  derrick.  At  the  same  time  the  10-inch  casing  was 
unseated.    The  gas  also  cut  under  the  packer  on  the  bottom  of  the 
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SJ-inch  casing.    The  gas  blew  the  water  out  of  the  hole  in  large 

volumes,  and  also  reached  the  surface  through  many  crevices  in 
the  ground  near  the  well.  Drilling 
was  continued  to  a  depth  of  1,07.5 
feet,  three  more  streaks  of  gas  being 
found,  with  an  additional  volume  of 
5,000,000  cubic  feet  daily.  At  this 
time  the  company  was  notified  by 
the  corporation  commission  to  repair 
tlie  well  in  accordance  with  the  State 
laws. 

On  October  1  the  field  superin- 
tendent stated  that  he  had  exhausted 
every  effort  to  repair  the  well  and 
turned  it  over  to  the  Stat«  conserva- 
tion officers,  James  F.  York  and 
L.  N.  McGinley,  who  requested  the 
assistance  of  Inspector  G.  W,  Mc- 
I'herson,  of  the  Bureau  of  Mines. 
The  company  was  given  instructions 
I  to  provide  the  equipment  and  mate- 
rials necessary  for  mudding  in  the 
well.  On  October  4  the  company 
fumislied  a  pump,  which  was,  how- 
ever, of  an  obsolete  pattern,  greatly 
worn,  and  with  valves  unsuited  for 
the  work  at  hand.  Notwithstanding, 
an  effort  was  made  to  mud  in  the 
well,  in  hopes  of  avoiding  further 
i  waste.  This  effort  was  unsuccessful 
because  the  pump  could  not  be  run 
continuously  on  account  of  frequent 
stops  for  repairs,  and  furthermore  it 
could  not  handle  a  sufficient  volume 
of  fluid  to  overcome  the  gas.  It  took 
the  company  from  October  6  to  Octo- 
ber 17  to  obtain  the  proper  equip- 
ment and  to  haul  clay  to  the  well. 
Lubrication  was  started  at  2  p.  m. 

FiniHE  18.— Sort  Ion  Bbowinff  condi-     on   October   17,   and   the    well   was 
"•     under  control  at  5.30  p.  m.,  500  bar- 
rels of  fluid  being  used.    Circulation 
was  continued  throughout  the  night 

and  pressui-e  maintained  against  the  Bruner  sand  by  connecting  the 

pump  with  the  bradenheud. 
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Before  this  well  was  killed  it  was  freely  predicted  by  nearly  ever}' 
oil  man  who  had  seen  the  condition  of  the  well  that  it  would  be  im- 
possible to  control,  as  the  mud  fluid  would  be  blown  out  of  the 
crevices  as  soon  as  it  was  put  into  the  well.  Lubrication  had  con- 
tinued only  a  short  time  when  the  gas  and  water,  which  had  been 
erupting  in  considerable  volume  at  different  points  around  the  well, 
died  down  and  thereafter  remained  quiet.  The  reason  why  the  mud 
fluid  did  not  blow  out  of  the  crevices  was  that  the  crevices  extended 
down  only  to  a  comparatively  shallow  sand  fed  by  gas  derived  from 
the  Layton  and  Bruner  sands  which  came  up  behind  the  8J-inch 
casing,  the  10-inch,  12i-inch,  and  IS^-inch  casing  having  been  re- 
moved, and  as  soon  as  the  gas  in  these  sands  had  been  sealed  in  there 
was  no  longer  communication  with  the  sand  from  which  the  crevices 
were  being  supplied. 

After  the  well  had  been  mudded  in,  it  subsequently  blew  out  while 
being  drilled  to  the  Wheeler  sand  at  a  greater  depth,  because  the 
drillers  bailed  down  the  fluid  to  facilitate  drilling  and  thus  reduced 
its  pressure  to  less  than  that  exerted  by  the  gas.  As  soon  as  the  well 
was  "  lubricated  "  again  the  gas  was  killed  and  confined  to  the  sands. 

From  the  time  the  Bruner  sand  was  struck  until  the  well  was 
mudded  in  the  waste  of  gas  is  estimated  to  have  been  15,000,000  to 
41,000,000  cubic  feet  per  day.  Had  the  company  owning  this  well 
provided  the  necessary  equipment  in  advance,  as  specified  in  the 
order  of  the  corporation  conunission,  this  waste  need  not  have  oc- 
curred and  the  expense  occasioned  by  shutting  in  the  well  would 
have  been  avoided.  The  supposed  extra  cost  of  drilling  in  mud-laden 
fluid  to  protect  the  gas  would  have  been  much  less  than  that  of  bring- 
ing the  well  under  control,  and  the  gas  saved  would  have  repaid  many 
times  the  additional  expense.  The  attempted  use  of  bradenheads  in 
this  case  proved  to  be  utterly  impracticable  and  resulted  in  conditions 
that  caused  great  waste,  and  if.  they  had  not  been  corrected  by  the 
application  of  mud  fluid  would  have  done  irreparable  damage  to 
the  field.  It  was  demonstrated  later  on  a  property  near  by  that  under 
such  conditions  wells  could  be  drilled  faster  and  cheaper  by  using 
mud  fluid  than  by  trying  to  drill  in  a  dry  hole  because  accidents  and 
delays  caused  by  the  gas  were  avoided. 

PROTECTING  MINOR  OIL  AND  GAS  SANDS. 

An  illustration  of  how  minor  deposits  of  oil  or  gas  may  be  pro- 
tected without  extra  casing  and  with  little  expense  is  furnished  by  a 
well  located  near  Sapulpa,  Okla.  In  this  well  the  Ferryman  sand  at 
1,296  feet  showed  some  oil  and  gas,  the  Red  Fork  sand  at  1,518  feet 
showed  some  oil,  the  Glenn  sand  at  1,618  feet  showed  4,000,000  cubic 
feet  of  gas  and  50  barrels  of  oil  at  the  top  and  a  great  quantity  of 

52432*— Bull.  134—16 5 
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water  in  the  bottom.  *On  account  of  the  water,  which  could  not  be 
separated  from  the  oil  sand,  the  well  could  not  be  pumped  profitably, 
and  it  was  therefore  deepened  to  the  Lost  City  sand  at  1,903  feet, 
from  which  12  barrels  a  day  was  obtained.  Then  6f -inch  casing  was 
landed  below  the  Glenn  sand  at  1,793  feet.  The  8J;inch  casing  was 
pulled,  allowing  communication  between  a  water  sand  at  430  feet  and 
the  Ferryman,  Eed  Fork,  and  Glenn  sands.  For  three  months  the 
gas  from  the  Glenn  sand  blew  gas  and  water  from  the  outside  of  the 
6f -inch  casing.  The  pressure  then  became  so  depleted  that  the  water 
overcame  it  and  drowned  out  the  gas.  The  well  remained  in  this 
condition  for  a  year,  although  the  sands  affected  were  of  much  com- 
mercial value  in  that  district. 

As  the  well  was  on  restricted  Indian  land,  the  company  was  notified 
by  Inspector  J.  C.  Fowler  that  it  could  not  be  allowed  to  remain  in 
such  condition.  At  Fowler's  suggestion,  the  space  outside  of  the 
Gf-inch  casing  was  filled  with  75  barrels  of  mud  fluid,  at  small  ex- 
pense, and  to  the  satisfaction  of  the  owners  of  the  well.  It  was  not 
even  necessary  to  stop  pumping  the  well  while  the  fluid  was  being 
placed  behind  the  casing. 

As  there  was  no  break  between  the  water  and  oil  in  the  Glenn  sand, 
it  had  been  found  impossible  to  protect  the  oil  and  gas  from  the 
water.  By  using  the  fluid,  no  extra  casing  or  packers  were  necessary, 
and  not  only  the  Glenn  sand  but  also  the  other  two  sands  were  ade- 
quately protected.  The  fluid  has  been  used  in  other  wells  where  it 
was  desired  to  drill  through  an  upper  productive  stratum,  in  the 
lower  part  of  which  water  was  found,  and  possibly  its  use  is  the  only 
way  in  which  such  deposits  can  be  adequately  protected  at  reasonable 
expense. 

THE  USE  OF   MUD   FLUH)   IN   THE   ADA    FIELD. 

The  value  of  having  the  operations  of  a  field  carefully  supervised 
is  well  illustrated  by  the  work  of  J.  C.  Lowrey,  in  the  Ada  gas  field, 
Oklahoma.  The  Ada  field  is  not  large,  nor  does  it  present  unusually 
difficult  iDroblems,  but  it  is  of  much  local  importance  because  it  is  the 
only  supply  of  gas  in  that  district  and  is  of  great  benefit  to  the  town 
and  to  the  large  cement  factory  located  there.  Consequently  the 
citizens  are  desirous  of  saving  the  gas  and  prolonging  the  supply  as 
far  as  possible.  As  usual,  the  field  is  divided  among  many  operatoi's 
and  trouble  had  .been  experienced  in  getting  them  to  cooperate.  At 
the  request  of  the  Ada  Chamber  of  Commerce,  Special  Inspector 
Lowrey  was  placed  in  the  Ada  field  in  July,  1915,  it  being  arranged 
that  Lowrey's  salary  and  expenses  were  to  be  paid  by  the  Ada  Cham- 
ber of  Commerce,  and  his  work  was  to  be  under  the  supervision  of  the 
Bureau  of  Mines.  Arrangements  were  also  made  for  cooperation 
with  the  State  conservation  officers. 
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After  a  careful  study  extending  over  several  weeks,  it  was  found 
that  some  of  the  small  number  of  wells  in  the  field  were  not  in  satis- 
factory condition.  Tests  were  made  on  these  wells,  and  it  was  found 
that  water  which  the  operators  had  thought  was  coming  from  the 
producing  sands,  was  coming  under  the  casing  from  the  upper  sands. 
It  was  also  found  that  gas  sands  of  minor  commercial  value  were  not 
king  protected  and  that  there  was  danger  from  unsystematic  casing 
and  improperly  plugged  wells.  On  Inspector  Lowrey's  recommenda- 
tions and  through  the  authority  of  the  State  corporation  commis- 
bion  and  the  Department  of  the  Interior  these  conditions  were  cor- 
rected. Mud  fluid  was  placed  behind  the  casings  with  much  advan- 
tage, shutting  off  all  top  water&  and  protecting  the  minor  gas  sands. 

A  peculiar  case  in  the  Ada  field  was  reported  by  Inspector  Lowrey. 
A  gas  weU  had  just  been  completed  and  shut  in  when  it  was  struck 
by  lightning  and  the  rig  burned  down,  letting  the  tools  which  had 
Ijeen  hanging  in  the  derrick  drop  into  the  space  between  the  casing 
and  the  walls  of  the  hole.  Gas  showing  a  flow  of  3,000,000  cubic 
feet  daily  had  been  "  bradenheaded  "  in  between  the  6 J  and  8J  inch 
casings.  In  some  maimer  the  tools  started  a  leak  in  the  8J-inch 
rasing,  so  that  the  water  came  through  and  was  blown  out  from  be- 
tween the  8 J  and  6f  inch  casings.  *It  was  not  kncfwn  whether  the 
packer  at  the  bottom  had  been  jarred  loose,  a  leak  started  around  a 
collar,  or  a  hole  cut  in  the  casing.  In  any  event  the  tools  could 
not  be  fished  out,  so  that  it  was  unlikely  that  the  casing  could  be 
I)ulled.  It  was  thought  that  possibly  the  leak  was  so  small  that  mud 
fluid  would  clog  it  up  and  prevent  the  movement  of  gas  or  water 
through  it.  Fluid  was  jximped  in  between  the  GJ  and  &J  inch  cas- 
ings from  the  top  and  circulated  outside  the  8J-inch  casing  to  the 
surface.  Further  escape  of  gas  was  stopped  and  w^ater  prevented 
from  working  into  the  well,  thus  leaving  the  well  in  good  condition. 

Another  instructive  case  in  the  Ada  field  is  that  of  Allen  No.  2 
well  of  the  MacThwaite  Oil  &  Gas  Co.  The  well  was  shut  in  as  a 
gas  weU  and  for  a  number  of  days  afterwards  showed  a  pressure  of 
240  pounds,  but  because  there  w^as  34  feet  of  open  hole  "  braden- 
headed" in  with  the  gas  sand,  Inspector  Lowrey  advised  the  com- 
pany to  remedy  the  condition  to  avoid  possibility  of  waste.  The  well 
was  mudded  in  and  the  casing  reset  with  a  packer  at  the  top  of  the 
sand.  Within  48  hours  the  well  registered  375  pounds  pressure,  an 
increase  of  135  pounds  over  the  previous  measurement. 

B£PAIRING  A  DEFECTrVE  GAS  WELIi  NEAR  HENRYETTA. 

In  the  course  of  the  inspection  of  the  leases  of  restricted  Indians, 
Inspector  L.  W.  Courtney  found  three  wells  in  the  Henryetta  dis- 
trict which  were  blowing  gas  outside  of  the  casing.    These  wells  had 
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been  drilled  for  three  years,  but  had  been  shut  in  and  not  utilized 
because  they  were  located  some  distance  from  any  gas  lines.  The 
owners  of  the  wells  had  believed  that  the  gas  was  from  a  shallow 
sand,  which  at  the  time  the  wells  were  drilled  was  not  considered 
of  commercial  value.  In  consideration  of  the  fact  that  gas  h^d  been 
escaping  steadily  from  these  wells  for  three  years,  Courtney  thought 
that  the  gas  should  have  been  exhausted  long  before  if  such  had  been 
the  case.  This  matter  was  taken  up  with  the  owners  of  the  wells, 
who  decided  to  place  mud  fluid  outside  the  casing.  This  was  done, 
but  in  a  few  days  the  fluid  disappeared  and  the  gas  came  up  outside 
the  casing  again.  On  opening  the  well,  fluid  was  blown  out  with 
the  gas,  as  well  as  pieces  of  rubber  from  the  packer,  showing  that 
the  i^acker  leaked.  The  casing  could  not  be  pulled,  so  fluid  was  put 
inside  and  outside  of  the  casing.  When  an  attempt  was  made  to  pull 
the  casing,  it  parted  and  was  found  to  be  badly  corroded.  An  inner 
string  of  casing  was  landed  with  a  packer  and  the  fluid  bailed  from 
the  inside,  the  gas  was  recovered,  and  the  well  was  put  into  good 
condition. 

This  case  illustrates  how  frequently  the  source  of  trouble  from 
escaping  gas  or  infiltratmg  water  is  from  leaky  packers  or  casing, 
whereas  tlie  operator  may  entirely  misinterpret  the  meaning  and  the 
source  of  the  trouble.  If  mud  fluid  had  been  placed  behind  the  cas- 
ings at  first,  this  defect  would  probably  not  have  developed;  or  if 
defects  developed  in  the  packer  or  casing,  the  column  of  fluid  would 
either  have  prevented  damage  or  by  leaking  away  would  have  made 
it  evident  what  the  defect  was,  so  that  the  operator  would  have 
known  how  to  repair  his  well  and  would  have  been  saved  much  ex- 
pense and  prevented  damage  to  the  field. 


LAWS  AND  EEGUI^TIONS  EELATING  TO  OPERATION  OF  OIL  AND 

GAS  LANDS  IN  OKLAHOMA. 

The  technological  manner  of  operating  oil  and  gas  lands  controlled 
by  the  Federal  Grovernment  is  under  the  supervision  of  the  Bureau  of 
Mines.  Because  of  the  mobility  of  oil,  gas,  and  water,  these  resources 
in  Government  lands  can  not  be  fully  protected  imless  effective  meth- 
ods are  similarly  applied  to  adjoining  territory.  For  these  reasons, 
the  Bureau  of  Mines  is  directly  concerned  in  the  laws  of  those  States 
in  which  Government  reserves  are  situated. 

From  the  experience  gained  by  the  representatives  of  the  Bureau 
of  Mines  in  Oklahoma,  it  is  believed  that  the  following  State  laws, 
and  the  Federal  regulations  governing,  operations  on  Indian  lands; 
include  the  technological  features  advisable  for  the  proper  conserva- 
tion of  oil  and  gas.  Under  the  regulations  for  operating  Indian 
lands,  the  United  States  Government  is  interested  not  only  in  pre- 
venting waste  but  in  protecting  the  rights  of  the  Indian  wards  as 
lessors- 

A  careful  reading  of  the  facts  and  references  given  elsewhere  in 
this  paper  supplies  the  reasons  why  these  technological  features  are 
deemed  advisable.  Notwithstanding  the  well-known  difficulties  in- 
volved in  regulating  oil  and  gas  operations,  it  is  believed  that  the 
recent  experiences  in  Oklahoma  show  that  such  laws  and  regulations 
can  be  made  and  enforced  and  will  largely  eliminate  waste;  whereas 
a  review  of  the  history  of  the  oil  and  gas  industiy  from  its  inception 
to  the  present  time  shows  conclusively  that  when  left  to  themselves 
the  operators  have*  not  conserved  and  will  not  conserve  the  gas  nor 
even  fully  protect  the  oil  resources. 

For  the  practical  conservation  of  gas,  is  is  necessary  to  protect  the 
equities  of  every  lessee  or  owner  of  gas  lands  by  providing  a  method 
for  prorating  the  gas.  It  has  been  the  constant  complaint  of  oil 
men  and  small  producers  of  gas  that,  not  owning  pipe  lines,  they 
were  unable  to  market  the  ^as  except  through  the  large  gas-selling 
companies,  and  that  sometimes  these  gas-marketing  companies  would 
drain  a  whole  field  from  a  few  of  their  own  wells  which  were  favor- 
ably  located  and  refuse  to  buy  gas  from  other  producers.  If  con- 
servation were  to  be  applied  without  providing  for  equal  access  to 
the  market,  it  would  be  possible  for  gas  companies  to  reap  all  the 
benefits  and  allow  the  producers  none.  It  is  very  much  to  the  inter- 
ests of  the  gas  companies  to  protect  their  investments  and  the  future 
markets  by  conserving  the  gas,  and  ordinarily  they  are  anxious  to 
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treat  other  prodticers  of  gas  fairly,  because  unfair  treatment  would 
doubtless  make  the  law  impracticable  of  enforcement  or  cause  its 
repeal.  In  Oklahoma  all  the  gas-producing  companies  have  volun- 
tarily agreed  to  prorate  their  gas  under  the  supervision  of  the 
corporation  commission  and  have  waived  whatever  legal  rights  they 
may  have  claimed. 

FEDEBAIi  REGULATIONS  RELATING  TO  RESTRICTED   INDIAN 

LANDS. 

The  following  regulations,"  aimed  to  prevent  waste  of  oil  and  gas 
on  restricted  Indian  lands  in  the  State  of  Oklahoma,  were  promul- 
gated by  the  Secretary  of  the  Interior  on  October  20, 1915. 

REGULATIONS  TO  GOVERN  OIL  AND  GAS  OPERATIONS  ON  RESTRICTED  INDIAN 

LANDS  IN  OKLAHOMA. 

DEFIHITIOKS. 

The  foHowing  expressions,  wherever  used  in  the  lease  and  regulations,  shall 
have  the  meaning  now  designate<l,  viz : 

Superintendent — ^The  sui)erintendent  of  any  Indian  agency  in  Oklahoma,  or 
any  other  person  who  may  be  in  charge  of  such  agency  and  reservation,  and  it 
shall  be  his  duty  to  enforce  compliance  with  these  regulations. 

Inspeeior, — Any  person  appointed  as  inspector  of  oil  and  gas  operations,  or 
who  may  be  designated  by  the  Secretary  of  the  Interior  or  the  Commissioner  of 
Indian  Affairs  to  supervise  oil  or  gas  operations  on  restricted  Indian  lands, 
acting  under  general  instructions  from  the  Bureau  of  Mines  and  under  the 
supervision  of  the  superintendent. 

Oil  lessee. — ^Any  person,  firm,  or  corporation  to  whom  an  oil-mining  lease  is 
made  under  these  regulations. 

Gas  lessee. — Any  person,  firm,  or  corporation  to  w^hom  a  gas  lease  is  made 
under  these  regulations. 

Leased  lands. — ^The  term  "leased  lands"  or  "leased  premises"  or  "leased 
tract "  shall  mean  any  restricted  lands  belonging  to  Indian  allottees  within  the 
State  of  Oklahoma  from  which  restrictions  have  not  been  removed,  and  which 
have  been  leased  by  such  allottees  with  tlie  approval  of  the  Secretary  of  the 
Interior. 

OPEBATIOKB. 

1.  No  operations  shall  be  permitted  upon  any  tract  of  land  until  a  lease  cover- 
ing such  tract  shall  have  been  approved  by  the  Secretary  of  the  Interior. 

Powers  and  Ditties  of  Inspector. 

It  shall  be  the  duty  of  the  inspector — 

2.  To  visit  from  time  to  time  leased  lands  where  oil  and  gas  mining  operations 
are  being  conductetl  and  to  inspect  and  supervise  such  operations,  with  a  view 

«  Recnilatlons*  to  Rovern  oil  and  pas  operntlODB  on  restricted  Indian  lands  in  Oklahoma : 
Pept.  of  the  Interior,  1915,  8  pp. 
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to  preventing  waste  of  oil  and  gas,  damage  to  oil,  gas,  «r  water  bearing  forma- 
tions, or  to  ojal  measures  or  other  mineral-bearing  deposits,  or  injury  to  prop- 
erty or  life,  in  accordance  with  the  provisions  of  these  regulations. 

3.  To  iiialse  reports  to  the  superintendent  and  to  the  Bureau  of  Mines  as  to 
the  general  conditions  of  the  leases,  property,  and  the  manner  in  which  opera- 
tii>ns  are  being  conducted  and  his  orders  complied  with. 

4.  To  consult  and  advise  with  the  superintendent  as  to  the  condition  of  the 
leased  lands  and  to  submit  information  and  recommendations  from  time  to  time 
for  safeguarding  and  protecting  the  property  of  the  lessor  and  securing  com- 
pliance with  the  provisions  of  these  regulations. 

5.  To  give  such  orders  or  notices  as  may  l>e  necessary  to  secure  compliance 
with  the  regulations  and  to  issue  all  necessary  instructions  or  order  to  lessees  to 
stop  or  modify  such  methods  or  practices  as  he  may  consider  contrary  to  the 
provisions  of  such  regulations. 

6.  To  modify  or  prohibit  the  use  or  continuance  of  any  operation  or  method 
which,  in  his  opinion,  is  causing  or  is  likely  to  cause  any  surface  or  underground 
waste  of  oil  or  gas  or  injury  to  any  oil,  gas,  water,  coal,  or  other  mineral  forma- 
tion, or  which  is  dangerous  to  life  or  property  or  in  violation  of  the  provisions  of 
these  regulations. 

7.  To  prescribe,  subject  to  the  approval  of  the  superintendent,  the  manner  and 
form  in  which  all  records  or  reports  called  for  by  these  regulations  shall  be 
made  by  the  lessee. 

8.  To  prohibit  the  drilling  of  any  well  Into  any  producing  sand,  when  in  his 
opinion  and  with  the  approval  of  the  superintendent  tlie  marketing  facilities 
are  inadequate,  or  insufficient  provision  has  been  made  for  controlling  the  flow 
of  oil  or  gas  reasonably  to  be  expected  therefrom,  until  such  time  as  suitable 
provision  can  be  made. 

9.  To  prescribe  or  approve  the  njethods  of  drilling  wells  through  coal  measures 
or  other  mineral  deposits. 

10.  To  determine  when  and  under  what  conditions  a  pro<luclng  well  may  be 
drilled  deeper  and  under  what  conditions  a  producing  well  or  sand  may  be 
abandoned. 

11.  To  require  that  tests  shall  be  made  to  detect  waste  of  oil  or  gas  or  the 
presence  of  water  In  a  well,  and  to  prescribe  or  approve  the  methods  of  con- 
ducting such  tests. 

12.  To  require  that  any  condition  existing  subsequent  to  the  completion  of  a 
well  which  is  causing,  or  is  likely  to  cause,  damage  to  an  oil,  gas,  or  water- 
liearing  formation,  or  to  coal  measures,  or  other  mineral  deposits,  or  which  is 
dangerous  to  life  or  property,  be  corrected  as  he  may  prescTibe  or  approve. 

13.  To  approve  the  type  or  size  of  separators  used  to  separate  the  oil,  gas,  or 
water  coming  from  a  well. 

14.  The  inspector  may  limit  the  percentage  of  the  open  flow  capacity  of  any 
well  which  may  be  utilized  when  in  his  opinion  such  action  is  necessary  to 
properly  protect  the  gas-prmlucing  formation. 

li).  The  insi>ector  shall  be  the  sole  judge  of  whether  his  orders  have  been 
fully  complied  with  and  carried  out. 

Duties  of  Lessees. 

16.  Before  actual  drilling  or  development  operations  are  commenced  on  the 
leased  lands,  or  within  not  less  than  30  days  from  the  date  of  approval  of 
these  regulations  in  case  of  producing  leases,  or  lea.«;ed  lands  on  which  such 
oi)eratlons  have  been  commenced  prior  to  such  approval,  the  lessee  or  assignee 
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shall  appoint  a  local  or  resident  representative  within  Osage  Conntj'  or  Okla- 
homa on  whom  the  superintendent  or  other  authorized  representative  of  the 
Department  of  the  Interior  may  serve  notices  or  otherwise  communicate  with, 
in  securing  compliance  with  these  regulations  and  shall  notify  the  superin- 
tendent of  the  name  and  post-office  address  of  the  representative  so  appointed. 
In  the  event  of  the  incapacity  or  absence  from  the  county  of  such  designated 
local  or  resident  representative,  the  lessee  shall  appoint  some  person  to  serve  in 
his  stead,  and  In  the  absence  of  such  representative,  or  of  notice  of  the  appoint- 
ment of  a  substitute,  any  employee  of  the  lessee  upon  the  leased  premises  or  the 
contractor  or  other  person  In  charge  of  drilling  operations  thereon  shall  bo 
considered  the  representative  of  the  lessee  for  the  purpose  of  service  of  orders 
or  notices  as  herein  provided,  and  service  upon  any  such  employee,  contractor, 
or  other  person  shall  be  deemed  service  from  the  lessee. 

17.  Five  days  prior  to  the  commencement  of  drilling  operations  lessee  shall 
submit,  on  forms  to  be  furnished  by  the  superintendent,  a  report  In  duplicate 
showing  the  location  of  the  proposed  wells. 

18.  Lessee  shall  keep  upon  the  leased  premises  accurate  records  of  the  drill- 
ing, redrllllng,  or  deepening  of  all  wells,  showing  formations  drilled  through, 
casing  used,  together  with  other  Information  as  Indicated  on  prescribed  forms 
to  be  furnished  by  the  superintendent  and  shall  transmit  such  and  other  reports 
of  operations  when  required  by  the  supeilntendent 

19.  Lessee  shall  furnish  on  the  1st  day  of  January  and  the  1st  day  of  July  of 
each  year  a  plat  In  manner  and  form  aa  prescribed*  by  the  superintendent, 
showing  all  wells,  active  or  abandoned,  on  the  leased  lands,  and  other  related 
Information.    Blank  plats  will  be  furnished  upon  application. 

20.  Lessee  shall  clearly  and  permanently  mark  all  rigs  or  wells  in  a  con- 
spicuous place,  with  the  name  of  the  lessee  and  the  number  or  designation  of  the 
well,  and  shall  take  all  necessary  precautions  for  the  preservation  of  these 
markings. 

21.  licssee  shall  not  drill  within  .%0  feet  of  boundary  line  of  leased  lands 
except  with  the  consent  of  the  superintendent.  Lessee  shall  not  locate  any 
well  or  tank  within  200  feet  of  any  public  highway  or  any  building  use<l  as  a 
dwelling,  granary,  barn,  or  established  watering  place,  except  w^lth  the  written 
permission  of  the  superintendent. 

22.  Lessee  shall  notify  the  superintendent,  In  advance,  of  Intention  to  use 
the  mud-fluid  process  of  drilling,  so  that  the  Inspector  may  approve  the  method 
and  material  to  be  used,  in  the  event  the  operator  is  not  familiar  with  this 
process. 

23.  Lessee  shall  provide  a  properly  prepared  slush  pit  into  which  all  sand 
pumplngs  and  other  materials  extracted  from  the  well  during  the  process  of 
drilling  shall  be  deposited.  Such  sand  pumplngs  and  materials  shall  not  be 
allowed  to  run  over  the  siurface  of  the  land.  The  construction  of  such  pits  shall 
be  subject  to  the  approval  of  the  Inspector. 

24.  Lessee  shall  effectually  shut  out  and  exclude  all  water  from  any  oil  or 
gns  bearing  stratum  and  take  all  proper  precaution  and  measures  to  prevent 
the  contamination  or  pollution  of  any  fresh-water  supply  encounteretl  In  any 
well  drilled  for  oil  or  gas. 

25.  Lessee  shall  protect  to  the  satisfaction  of  the  Inspector  each  productive 
oil  or  gas  bearing  formation  drilled  through  for  the  purpose  of  producing  oil  or 
gns  from  a  l(»wer  formation. 

26.  Lessee  shall  place  an  approved  gate  valve,  or  other  approved  controlling 
device,  on  the  Innermost  string  of  casing  seated  In  the  well,  and  keep  same 
In  place  and  In  proper  condition  for  use  until  the  well  is  completed,  whenever 
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drilling  operations  are  commenced  in  "  wildcat "  territory,  or  in  a  gas  or  oil 
field  where  high  pressures  are  known  to  exist,  whenever  the  Inspector  shall 
deem  same  necessary  for  the  proper  control  of  the  production  from  the  well. 

27.  When  natural  gas  is  encountered  in  commercial  quantities  in  any  well, 
lessee  shall  confine  such  gas  to  Its  natural  stratum  until  such  time  as  the  same 
can  be  produced  and  utilized  without  waste,  it  being  understood  that  a  com- 
mercial quantity  of  gas  produced  by  a  well  is  any  unrestricted  flow  of  natural 
^s  In  excess  of  2,000,000  cubic  feet  per  24  hours:  Provided,  That  If  in  the 
(>l)inion  of  the  superintendent  gas  of  a  lesser  quantity  shall  be  of  commercial 
>Tilae  the  superintendent  shall  have  authority  to  require  the  conservation  of 
said  gas*  Water  shall  not  be  introduced  into  any  well  where  such  introduction 
will  operate  to  kill  or  restrict  the  open  flow  of  gas  therein. 

28.  Lessee  shall  separate  the  oil  from  the  gas  when  both  are  produce<1  In 
commercial  quantities  from  the  same  formation  or  under  such  conditions  as 
might  result  in  waste  of  oil  or  gas  in  commercial  quantities. 

29.  Lessee  shall  not  use  natural  gas  from  a  distinct  or  separate  stratum 
for  the  purpose  ^f  flowing  or  lifting  the  oil. 

30.  Lessee  shall  prevent  oil  or  gas,  or  both,  from  escaping  from  any  well  Into 
the  open  air,  and  not  permit  any  oil  or  gas  well  to  go  wild  or  to  burn  wasteful ly. 

31.  Lessee  shall  not  use  natural  gas  in  place  of  steam  to  opefate  engines  or 
pumps  under  direct  pressure  except  with  the  special  permission  of  the  Inspector. 

32.  Lessee  shall  not  use  natural  gas  In  flambeau  lights,  save  as  authorized 
or  approved  by  the  inspector. 

33.  Lessee  shall  use  every  possible  precaution,  in  accordance  with  the  most 
approved  methods,  to  stop  and  prevent  waste  of  natural  gas  and  oil,  or  both, 
at  the  wells  and  from  connecting  lines,  and  to  prevent  the  wasteful  utilization 
of  such  gas  about  the  well. 

34.  Lessee  shall  notify  the  superintendent  a  reasonable  time  In  advance  of 
starting  work  of  intention  to  re<lrlll,  deepen,  plug,  or  abandon  a  well;  and 
whenever  the  superintendent  or  Inspector  has  given  notice  that  extra  precau- 
tions are  necessary  in  the  plugging  of  wells  In  a  particular  territory,  lessee 
shall  give  at  least  three  days'  advance  notice  of  such  Intended  plugging. 

35.  Lessee  shall  not  abandon  any  well  for  the  purpose  of  drilling  deeper 
for  oil  or  gas  unless  the  producing  stratum  is  properly  protected,  and  shall  not 
ahandon  any  well  producing  oil  or  gas  except  with  the  approval  of  the  super- 
intendent or  where  it  can  be  demonstrated  that  the  further  operation  of  such 
well  is  commercially  unprofitable. 

36.  Lessee  shall  plug  and  fill  all  dry  or  abandoned  wells  on  the  leased  lands 
In  the  manner  required,  and  where  any  such  well  penetrates  an  oil  or  gas 
Viearing  formation  it  shall  be  thoroughly  cleaned  to  the  bottom  of  the  hole 
before  being  plugged  or  filled,  and  shall  then  be  filled  with  mud-laden  fluid  of  a 
consistency  approved  by  the  inspector,  from  the  bottom  to  the  top  thereof, 
Iw'fore  any  casing  is  removed  from  the  well,  or  in  lieu  of  the  use  of  such  mud 
fluid,  each  oil  and  gas  bearing  formation  shall  be  adequately  protected  by 
<*ement,  or  approved  plugs,  or  by  both  such  plugs  and  cement,  and  the  well 
fille<l  In  above  and  below  such  cement  or  plugs  with  material  approvetl  by  the 
in-speetor. 

Where  both  fresh  water  and  salt  water  are  encountered  In  any  dry  or  aban- 
doned well  which  is  not  being  filled  with  mud-laden  fluid  as  hereinbefore  pro- 
vided, the  fresh  water  shall  be  sufficiently  protected  against  contamination  by 
f'pment  or  approved  plugs,  or  by  both  such  cement  and  plugs,  to  be  placed  at 
sach  points  In  the  well  as  the  Inspector  shall  approve  for  the  protection  of  the 
fresh  water. 


72  THE   USE   OF   MUD-LADEN   FLUID. 

37.  If  such  abandoned  or  dry  well  be  in  a  coal  l)ed  or  other  mineral  vein 
deposit  or  be  in  such  condition  as  to  warrant  taking  extraordinary  precautions, 
the  Inspector  may  require  such  variations  in  the  above-prescribed  methods  of 
plugging  and  filling  as  may  be  necessary  in  his  Judgment  to  protect  such  seam 
or  deposit  against  infiltration  of  gas  or  water  and  to  protect  all  other  strata 
encountered  in  the  well. 

38.  The  manner  in  which  such  mud-laden  fluid,  cement,  or  plugs  shall  be 
introduced  into  any  well  being  plugged,  and  the  type  of  plugs  so  used,  shall  l>e 
subject  to  the  approval  of  the  inspector. 

In  the  event  the  lessee  or  oi)erator  shall  fall  to  plug  properly  any  dry  or 
abandoned  well  In  accordance  with  these  regulations,  the  superintendent  may, 
after  five  d^ys'  notice  to  the  parties  in  interest,  plug  such  well  at  the  expense 
of  the  lessee  or  his  surety. 

39.  All  B-S  or  water  from  tanks  or  wells  shall  be  drained  off  into  proper 
rweptacles  located  at  a  safe  distance  from  tanks,  wells,  or  buildings,  to  the 
end  that  same  may  be  disposed  of  by  being  burned  or  transported  from  the 
j)remises. 

Where  it  is  impossible  to  burn  the  B-S,  or  where  It  is  necessary  to  pump  salt 
water  in  such  quantities  as  would  damage  the  surface  of  the  leased  land  or 
adjoining  property,  or  pollute  any  fresh  water,  the  lessee  shall  notify  the  super- 
intendent, who  shall  give  instructions  in  each  instance  as  to  the  disposition  of 
such  B-S  or  salt  water. 

40.  Lessee  shall  make  a  full  and  complete  report  to  the  superintendent  of  all 
accidents  or  fires  occurring  on  the  leased  premises, 

41.  lessee  shall  provide  approved  tankage  of  suitable  shape  for  accurate 
measurement,  into  which  all  production  of  crude  oil  shall  be  run  from  the  wells, 
and  shall  furnish  the  superintendent  copies  of  accurate  tank  tables  and  all  run 
tickets,  as  and  when  retiucsttNl. 

42.  The  sui)erintendent  may  make  arrangements  with  the  purchasers  of  oil 
for  the  payment  of  the  royalty,  but  such  arrangements.  If  made,  shall  not  relieve 
the  lessee  from  responsibility  for  the  payment  of  the  royalty  should  such  pur- 
chaser fail,  neglect,  or  refuse  to  pay  the  royalty  when  It  becomes  due :  Provided, 
That  no  oil  shall  be  run  to  any  purchaser  or  delivered  to  the  pipe  line  or  other 
carrier  for  shipment  or  otherwise  conveyed  or  removed  from  the  leased  premises 
until  a  division  order  is  executed,  filed,  and  approved  by  the  superintendent, 
showing  that  the  lessee  has  a  regularly  approved  lease  in  effect  and  the  condi- 
tions under  which  the  oil  may  be  run.  Lessees  shall  be  required  to  pay  for  all 
oil  or  gas  used  off  the  lease<l  premises  for  operating  purposes ;  affidavits  shall 
l)e  made  as  to  the  production  used  for  such  purposes  and  royalty  paid  in  the 
usual  manner.  The  lessee  or  his  representatives  shall  be  present  when  oil  is 
taken  from  the  leased  premises  under  any  division  order,  and  will  be  responsible 
for  the  correct  measurement  thereof  and  shall  report  all  oil  so  run. 

The  lessee  shall  also  authorize  the  pipe-line  company  or  the  purchaser  of  oil 
to  furnish  the  superintendent  with  a  monthly  statement,  not  later  than  the 
10th  day  of  the  following  calendar  month,  of  the  gi'oss  barrels  run  as  common 
carrier  shipment  or  purchased  from  his  lease  or  leases. 

43.  Lessee  will  not  be  i)ermitted  to  use  any  timber  from  any  Osage  lands 
except  under  written  agreement  with  the  owner,  and  In  all  cases  where  lands 
are  restrictetl  such  agreement  shall  be  subject  to  the  approval  of  the  sui^er- 
intendent  or  Inspector.  I^essee  shall,  when  requested  by  the  superintendent, 
furnish  a  statement  under  oath  as  to  whether  the  rig  timbers  were  purchaseil 
on  the  leascHl  tract,  and  if  so,  state  the  name  of  the  person  from  whom  purchastNl 


LAWS  RELATING  TO  OIL  AND  GAS  LANDS  IN  OKLAHOMA.  73 

« 
and  give  such  other  information  regarding  the  procurement  of  timber  as  the 
saperintendent  may  desire. 

44.  Unless  expressly  provided  for  in  the  lease,  lessee  shall  pay  to  the  super- 
intendent for  the  parties  in  interest  all  reasonable  damage  done  to  the  surface 
and  any  growing  crops  thereon  or  to  improvements  on  said  land  in  the  amount 
of  such  damage  when  agreed  upon  between  the  parties  in  interest.  When  such 
amount  can  not  be  agreed  upon,  any  of  such  parties  may  notify  the  superin- 
tendent. Whereupon  the  superintendent  shall  notify  the  parties  in  interest  that 
if  such  claims  can  not  be  arbitrated  satisfactorily,  he  will,  after  10  days  from 
date  of  notice,  investigate  the  matter  of  damage,  such  notice  to  be  sent  the 
lessee,  allottee,  or  his  heirs,  and  such  other  person  as  may  have  informed  the 
snperinteadent  in  writing  of  a  claim  to  an  interest  in  such  lands.  The  superin- 
tendent shall  thereupon  determine  the  damage  and  apportionment  thereof  be- 
t\ieen  the  parties  in  interest,  such  determination  to  be  final  unless  an  appeal 
therefrom  be  taken  to  tlie  Secretary  of  the  Interior  within  10  days  from  the 
(late  of  notice  of  such  determination.  The  decision  of  the  Secretary  of  the 
Interior  shall  be  final  and  conclusive  upon  all  parties  concerned.  The  lessee 
shall  be  permitted  to  proceed  with  operations  pending  determination  of  the 
amount  of  damage  by  the  superintendent  upon  depositing  with  the  superln- 
temlent  such  amount  as  he  may  stipulate  as  sufficient  to  cover  the  damages 
claimed,  and  such  lessee  may  continue  with  operations  pending  appeal  upon 
depositing  such  additional  amount,  if  any,  as  may  be  sufficient  to  cover  the 
damages  as  fixed  and  apportioned  by  the  superintendent,  the  surplus.  If  any,  to 
be  returned  to  the  lessee.  Pending  action  upon  the  appeal  so  much  of  said 
amount  as  is  not  in  dispute  by  the  parties  in  interest  may  be  disbursed. 

4I>.  Failure  to  comply  with  any  provision  of  these  regulations  shall  subject 
the  lease  to  cancellation  by  the  Secretary  of  the  Interior  or  the  lessee  to  a  fine 
of  not  more  than  $500  per  day  for  each  and  every  day  the  terms  of  the  lease  or 
of  the  regulations  are  violated,  or  the  orders  of  the  superintendent  pertaining 
thereto  are  not  complietl  with,  or  to  both  such  fine  and  cancellation,  in  the  dis- 
cretion'of  the  Secretary  of  the  Interior;  Provided,  That  the  lessee  shall  be 
entitled  to  notice  and  hearing  with  respect  to  the  terms  of  the  lease  or  of  the 
rejoilations  violated,  which  hearing  shall  be  held  by  the  superintendent,  whose 
finding  shall  be  conclusive  unless  an  appeal  be  taken  to  the  Secretary  of  the 
Interior  within  30  days  after  notice  of  the  superintendent's  decision,  and  the 
flecislon  of  the  Secretary  of  the  Interior  upon  appeal  shall  be  conclusive. 

46.  These  regulations  shall  bec'ome  effective  and  In  full  force  from  and  after 
the  date  of  approval  and  shall  be  subject  to  change  or  alteration  at  any  time 
f#y  the  Secretary  of  the  Interior. 

E.  B.  Meritt, 
Assistant  Commissioner  of  Indian  Affairs. 

Van.   H.   Manning, 
Director  Bureau  of  Mines, 
Approved  October  20,  1915,  Depabtment  of  the  Interior. 

Fbanklln  K.  Lane. 

STATE  LAWS  TO  FBEVENT  WASTE  OE  NATITBAL  GAS  AND  OIL. 

« 

* 

NATURAL  GAS. 

An  act*"  approved  March  30, 1915,  provides  for  preventing  waste  of 
natural  gas  in  the  State,  for  prorating  the  gas,  confers  authority  on 

•  House  bill  No.  .195,  Session  Iaws  of  Olclahoma,  1915,  ch.  107,  pp.  .'?2G-.'{2P. 
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the  corporation,  commission  to  enforce  the  act,  and  prescribes   a 
penalty  for  its  violation.    The  act  reads  as  follows : 

An  Act  To  ccMUBerre  nataral  gas  In  the  State  of  Oklahoma,  to  prevent  waste  thereof,  pro- 
viding for  the  equitable  taking  and  purchase  of  same,  conferring  authority  on  th<^ 
corporation  commission,  prescribing  a  penalty  for  violation  of  thla  act,  repealing  certain 
acts,  and  declaring  an  emergency. 

Be  it  enacted  by  the  people  of  the  Stale  of  Oklahoma: 

Waste  Prohibited. 

Section  1.  That  the  production  of  natural  gas  in  the  State  of  Oklahoma  in 
such  manner,  and  under  such  conditions,  as  to  constitute  waste,  shall  be  un- 
lawfuL 

Waste  Defined. 

Sec.  2.  That  the  term  waste,  as  used  herein.  In  addition  to  Its  ordinary  mean- 
ing, shall  Include  escape  of  natural  gas  in  commercial  quantities  Into  tlie  oi>en 
air,  the  intentional  drowning  with  water  of  a  gas  stratum  capable  of  producing 
gas  in  commercial  Quantities,  underground  waste,  the  permitting  of  any 
natural-gas  well  to  wastef)illy  burn,  and  the  wasteful  utilization  of  such  gas. 

CONSEBVATION   OF   QaS. 

Sec.  3.  That  whenever  natural  gas  in  commercial  quantities  or  a  gas-bear injr 
stratum,  known  to  contain  natural  gas  in  such  quantity,  is  encountered  la  anj^ 
well  drilled  for  oil  or  gas  In  this  State,  such  gas  shall  be  confined  to  its  original 
stratum  until  such  time  as  the  same  can  be  produced  and  utilized  wltliout 
waste,  and  all  such  strata  shall  be  adequately  protected  from  infiltrating  waters. 
Any  unrestricted  flow  of  natural  gas  in  excess  of  two  million  cubic  feet  per 
twenty-four  hours  shall  be  considered  a  commercial  quantity  thereof ;  Provided^ 
That  if  in  the  opinion  of  the  corporation  commission  gas  of  a  lesser  quantity 
sliall  be  of  commercial  value,  said  commission  shall  have  authority  to  require  tho 
conservation  of  said  gas  in  accordance  with  the  provisions  of  this  act ;  And,  pro- 
vided, furiheVf  The  gage  of  the  capacity  of  any  gas  well  shall  not  be  taken 
until  such  well  has  been  allowe<l  an  open  flow  for  tlie  period  of  three  days. 

Excess  Oas  Supply — Apportionment. 

Sec.  4.  That  whenever  the  full  pro<luction  from  any  common  source  of  supply 
of  natural  gas  in  this  State  is  in  excess  of  the  market  demands,  then  any 
person,  firm,  or  corporation,  having  the  right  to  drill  into  and  produce  gas  from 
any  such  common  source  of  supply,  may  take  therefrom  only  sueh  proportion 
of  the  natural  gas  that  may  be  marketed  without  waste,  as  the  natural  flow  of 
the  well  or  wells  owned  or  controlled  by  any  such  person,  firm,  or  corporation 
bears  to  the  total  nataral  flow  of  such  common  source  of  supply,  having  due  re- 
gard to  the  acreage  drained  by  each  well,  so  as  to  prevent  any  such  person,  firm, 
or  corporation  securing  any  unfair  proportion  of  the  gas  therefrom ;  Provided, 
That  the  corporation  commission  may  by  proper  order  permit  the  taking  of  a 
greater  amount  whenever  it  shall  deem  such  taking  reasonable  or  equitable. 
The  said  commission  is  authorized  and  directed  to  prescribe  rules  and  regu- 
lations for  the  determination  of  the  natural  flow  of  any  such  well  or  wells  and 
to  regulate  the  taking  of  natural  gas  from  any  or  all  such  common  sources  of 
supply  within  the  State,  so  as  to  prevent  waste,  protect  the  interests  of  the 
public,  and  of  all  those  having  a  right  to  produce  therefrom,  and  to  prevent 
unrensonable  discrimination  in  favor  of  any  one  such  common  source  of 
supply  as  against  another. 
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"CoMMOi»  Pubchaseb" — Fais  TB£ATM;£NT. 

Sec.  5.  That  every  person,  firm,  or  corporation,  now  or  hereafter  engaged  in 
the  business  of  purchasing  and  selling  natural  gas  in  this  State,  shall  be  a 
conuDon  purchaser  thereof,  and  shall  purclias^  all  the  natural  gas  which  may 
be  offered  for  sale,  and  which  may  reasonably  be  reached  by  its  trunk  line,  or 
gathering  lines  without  discrimination  in  favor  of  one  producer  as  against 
another,  or  in  favor  of  any  one  source  of  supply  as  against  another  save  as 
authorized  by  the  corporation  commission  after  due  notice  and  hearing;  but 
if  any  such  person,  firm,  or  corporation  shall  be  unable  to  purchase  all  the 
gas  so  offered,  tlien  it  shall  purchase  natural  gas  from  each  producer  ratably. 
It  shall  be  unlawful  for  any  such  common  purchaser  to  discriminate  between  like 
grades  and  pressures  of  natural  gas,  or  in  favor  of  its  own  production,  or 
of  production  In  which  it  may  be  directly  or  indirectly  interested,  either  in 
whole  or  in  x^rt,  but  for  the  purpose  of  prorating  the  natural  gas  to  be 
marketed,  such  productjon  shall  be  treated  in  like  manner  as  that  of  any  other 
producer  or  person,  and  shall  be  taken  only  in  the  ratable  proportion  that  such 
production  bears  to  the  total  production  available  for  marketing.  The  corpora- 
tion commission  shall  have  authority  to  make  regulations  for  the  delivery, 
metering,  and  equitable  purchasing  and  taking  of  all  such  gas  and  shall  have 
authority  to  relieve  any  such  common  purchaser,  after  due  notice  and  hearing, 
from  the  duty  of  purchasing  gas  of  an  inferior  quality  or  grade. 

Heashvos  Bepobe  Ck)BPOBATioN  Commission — ^How  CoNDucTEa). 

Sec.  6.  That  any  person,  firm,  or  corporation,  or  the  attorney  general,  on 
lH»!iaIf  of  the  State  may  institute  proceedings  before  the  corporation  commission, 
or  apply  for  a  hearing  before  said  commission,  upon  any  question  relating  to 
the  enforcement  of  tills  act ;  and  Jurisdiction  is  hereby  conferred  upon  said  com- 
mission to  hear  and  determine  the  same,  said  commission  shall  set  a  time  and 
place  when  such  hearing  shall  be  had  and  give  reasonable  notice  thereof  to  all 
persons  or  classes  interested  therein  by  publication  in  some  newspaper  or  news- 
paiiers  having  general  circulation  in  the  State,  and  shall  In  addition  thereto 
cause  notice  to  be  served  in  writing  upon  any  person,  firm  or  corporation,  com- 
plained against  in  the  manner  now  provided  by  law  for  serving  summons  In 
lural  actions.  In  the  exercise  and  enforcement  of  such  jurisdiction  said  com- 
mis.slon  is  authorized  to  summon  witnesses,  make  ancillary  orders,  and  use  such 
mesma  and  final  process  Including  inspection  and  punishment  as  for  contempt, 
analogous  to  proceedings  under  its  control  over  public  service  corporations  as 
now  provided  by  law. 

Affeals  to  Supreme  Coubt. 

Sec.  7.  Tliat  appellate  jurisdiction  is  hereby  conferred  upon  the  supreme 
court  of  this  State  to  review  the  orders  of  said  commission  made  under  this 
act.  Such  appeal  may  be  taken  by  any  person,  firm,  or  corporation,  shown  by 
the  record  to  be  interested  therein,  in  the  same  manner  and  time  as  appeals 
are  allowed  by  law  from  other  order  of  the  corporation  commission.  Said  orders 
so  appealed  from,  may  be  superseded  by  the  commission  or  by  the  supreme 
itiurt  upon  such  terms  and  conditions  as  may  be  Just  and  equitable. 

POWEB    OF    COBPOBATION    COMMISSION — RULES    AND    REGULATIONS. 

Sec.  8.  That  the  corporation  commission  shall  have  authority  to  make  regu- 
lations for  the  prevention  of  waste  of  natural  gas,  and  for  the  protection  of  all 
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natural  kus,  fresh  water,  and  oil -bearing  strata  encouTitered  in  any  well  drilled 
for  oil  or  natural  gas,  and  to  make  such  other  rules  and  regulations,  and  to 
employ  or  appoint  such  agents,  witli  the  consent  of  the  governor,  as  may  be 
necessary  to  enforce  this  act. 

Acceptance  by  Pipe  Lines. 

Se«.  9.  Before  any  person,  firm,  or  con^ration  shall  have,  possess,  enjoy,  or 
exercise  the  right  of  emineift  domain,  right  of  way,  right  to  locate,  maintain, 
construct,  or  oi)erate  pii>e  lines,  fixtures,  or  e<iuipments  belonging  thereto  or 
used  in  connection  therewith,  for  the  carrying  or  transi>ortation  of  natural 
gas,  whether  for  hire  or  otherwise,  or  shall  have  the  right  to  engage  in  the 
business  of  purchasing,  piping,  or  transiK)rting  natural  gas,  as  a  public  service, 
or  otherwise,  such  person,  firm,  or  corporation,  shall  file  in  the  office  of  the 
corporation  commission  a  proper  and  explicit  authorized  acceptance  of  the 
provisions  of  tliis  act. 

Duties  of  Mine  Inspector  Unchanged. 

Sec  10.  That  nothing  contained  in  this  act  shall  be  construcnl  to  interfere 
with  any  duties  now  impQsed  by  law  uiwn  the  chief  mine  inspector  of  the 
State  or  his  deputies. 

Validity  of  Se>'eral  Sections  of  Act  Independent. 

■ 

Sec.  11.  That  the  Invalidity  of  any  section,  sulxlivision,  clause,  or  sentence 
of  this  act  shall  not  in  any  manner  affect  the  validity  of  the  remaining  portion 
thereof. 

Penalties  J!X)b  Violation. 

Sec.  12.  That  in  addition  to  any  penalty  that  may  be  impose<l  by  the  cor- 
Ijoratlon  commission  for  contemi)t,  any  i)erson,  firm,  or  corporation,  or  any 
officer,  agent,  or  employee  thereof,  directly  or  indirectly  violating  the  provisions 
of  this  act,  shall  be  guilty  of  a  misdemeanor,  and  \x\yo\\  conviction  thereof.  In  a 
court  of  contempt  jurisdiction,  shall  be  punished  by  a  fine  in  any  sum  not  to 
exceed  $5,000  or  by  imprisonment  in  the  county  jail  not  to  exceed  thirty  days, 
or  by  both  such  fine  and  imprisonment. 

Emergency. 

Sec  13.  For  the  preservation  of  the  public  i>eace,  health,  and  safety,  an 
emergency  Is  hereby  declared  to  exist,  by  reason  whereof  this  act  shall  take 
effect  and  be  in  force  from  and  after  Its  passage  and  approval. 

Approved  March  30,  1915. 

CRUDE  OIL  OR  PETROLEUM. 

An  act"  passed  by  the  State  legislature  on  February  11,  1915,  to 
prevent  waste  of  oil,  to  provide  for  equitable  production,  and  con- 
ferring authority  on  the  corporation  commission  for  its- enforcement 
reads  as  follows : 

« llouse  bill  No.  168,  Session  Laws  of  Oklahoma,  1915,  chap.  25,  pp.  28-31. 
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An  Act  Defining  and  prohibiting  the  waste  of  crude  oil  or  petroleum,  providing  for  the 
eriultable  taking  of  the  same  from  the  ground  and  conferring  authority  on  the  corpora- 
tion commission,  prescribing  the  penalty  for  the  violation  of  this  act,  and  declaring  an 
emergency. 

Be  it  enacted  by  the  people  of  the  State  of  Oklahoma: 

Waste  Pbohibii"ED. 

Section  1.  That  the  production  of  crude  oil  or  petroleum  la  the  State  of 
Oklahoma,  in  such  manner  and  under  such  conditions  as  to  coiLstitute  waste  is 
hereby  prohibited. 

PRODUCTION    AND    SaLE   REGULATED — CORPORATION    COMMISSION. 

Sec.  2.  That  the  taking  of  crude  oil  or  i>etr<)leum  from  any  oil-bearing  sand 
or  samls  in  the  State  of  Oklahoma  at  a  time  when  there  is  not  a  market  demand 
therefor  at  the  well  at  a  price  equivalent  to  the  actual  value  of  such  crude  oil 
t-r  iietroleuiu  is  hereby  prohibited,  and  the  actual  value  of  such  crude  oil  or  petro- 
leum at  any  time  shall  be  the  average  value  as  near  as  may  be  ascertainetl  in 
the  United  States  at  retail  of  the  by-products  of  such  crude  oil  or  petroleum 
when  refined,  less  the  cost  and  a  reasonable  profit  in  the  business  of  trans- 
Iiorting,  refining,  and  marketing  the  simie,  and  the  corporation  connnission  of 
this  State  is  liereby  invested  witli  the  authority  and  power  to  investigate  and 
(Mermine  from  time  to  time  the  actual  value  of  such  crude  oil  or  petroleum  by 
the  standard  herein  provide<l;  and  when  so  determined,  said  commission  shall 
prumalgate  its  findings  by  its  orders  duly  made  and  recorded  and  publish  the 
siame  in  some  newspaper  of  general  circulation  in  the  State. 

Waste  Deitned — Protection. 

Sec.  3.  That  the  term  "  waste "  as  used  herein,  in  addition  to  its  ordinary 
uieaning,  shall  include  economic  waste,  underground  waste,  surface  waste,  and 
waste  incident  to  the  production  of  crude  oil  or  petroleum  in  excess  of  trans- 
I»ortatit>n  or  marketing  facilities  or  reasonable  market  demands.  Tlie  corpora- 
tion commission  shall  have  authority  to  make  rules  and  regulations  for  the 
prevention  of  such  wastes,  and  for  the  protection  of  all  fresh-water  strata,  and 
oil  and  gas  bearing  strata,  encountered  in  any  well  drilled  for  oil. 

Pboduction  Regulated — Discrimination  of  Purchaser  Prohibited. 

Sec.  4.  That  whenever  the  full  production  from  any  common  source  of  supply 
of  crude  oil  or  petroleum  in  this  State  can  only  be  obtained  under  conditions 
ti>n.stltuting  waste,  as  herein  defined,  then  any  person,  firm,  or  corporation 
having  the  right  to  drill  into  and  produce  oil  from  any  such  common  source  of 
sui»ply  may  take  therefrom  only  such  proportion  of  all  crude  oil  and  petroleum 
that  nmy  be  protluced  therefrom,  without  waste,  as  the  production  of  the  well  or 
wflls  of  any  such  person,  firm,  or  corporation  bears  to  the  total  production  of 
!^uc:h  <iommon  source  of  supply.  The  coriwration  commission  is  authorized  to  so 
regulate  the  taking  of  crude  oil  or  petroleum  from  any  or  all  such  connnon 
H>urces5  of  supply,  within  the  State  of  Oklahoma,  as.  to  prevent  the  inequitable 
nr  unfair  taking,  from  a  common  source  of  supply,  of  such  crude  oil  or  petroleum, 
hy  any  person,  firm,  or  corporation,  and  to  prevent  unreasonable  discrimination 
in  favor  of  any  one  such  common  source  of  supply  as  against  another. 

AVells  Gaged — Governor  to  Consent. 

Sec.  5.  Tliat  for  the  purpose  of  determining  such  production,  a  gage  of  each 
well  shall  be  taken  under  rules  and  regulations  to  be  prescribed  by  the  cor- 


78  THE   USE   OF   MUD-LADEN   FLUID. 

poration  cominissioD,  and  said  commission  is  authorizetl  and  directed  to  make 
and  promulgate,  by  proper  order,  such  other  rules  and  regulations  and  to  employ 
or  appoint  such  agents,  with  the  consent  of  the  governor,  as  may  be  necessary 
to  enforce  this  act. 

Enforcement  of  Act — Heasinos  Befuke  Ck)BPOBATiON  Commission. 

Sec.  6.  That  any  person,  firm,  or  corporation,  or  the  attorney  general  on  behalf 
of  the -State,  may  institute  proceedings  before  the  corporation  commission,  or 
apply  for  a  hearing  before  said  commission,  upon  any  question  relating  to  the 
enforcement  of  this  act,  and  Jurisdiction  Is  hereby  conferred  upon  said  commis- 
sion to  hear  and  determine  the  same.  Said  commission  shall  set  a  time  and 
place,  when  and  where  such  hearing  shall  be  had  and  give  reasonable  notice 
thereof  to  all  persons  or  classes  Interested  therein,  by  publlaitlon  in  some  news- 
paper or  newspapers,  having  general  circulation  In  the  State,  and  In  addition 
thereto,  shall  cause  reasonable  notice  In  writing  to  be  serve<l  [personally  on  any 
person,  firm,  or  corporation  complained  against.  In  the  exercise  and  enforce- 
ment of  such  Jurisdiction,  said  commission  Is  authorized  to  determine  any  ques- 
tion or  fact,  arising. hereunder,  and  to  summon  witnesses,  make  ancillary  orders, 
and  use  mesne  and  final  process,  including  inspection  and  punishment  as  for 
contempt,  analogous  to  proceedings  under  its  control  over  public-service  cor- 
porations, as  now  provided  by  law. 

Appeals  to  Supreme  Court — Effect  on  Orders. 

,  Sec.  7.  That  appellate  Jurisdiction  is  hereby  conferred  upon  the  supreun* 
court  in  this  State  to  review  the  action  of  said  commission  in  making  any 
order,  or  orders,  under  this  act.  Such  appeal  may  be  taken  by  any  i>erson,  firm, 
or  corporation,  shown  by  the  record  to  be  Interested  therein,  in  the  same  manner 
and  time  as  api)eals  are  allowed  by  law  from  other  orders  of  the  corporation 
commission.  Said  orders  so  api)ealetl  from  shall  not  be  superseded  by  the  mere 
fact  of  such  appeal  being  taken,  but  shall  be  and  remain  in  full  force  and 
effect  until  legally  susi>ended  or  set  aside  by  the  supreme  court 

Penalty  for  A'iolation. 

Sec  8.  That  in  addition  to  any  i)enalty  that  may  be  impose<l  by  the  corpora- 
tion commission  for  contempt,  any  person,  firm,  or  corporation,  or  any  oflicer, 
agent,  or  employee  thereof,  directly  or  indirectly  violating  the  provisions  of  this 
act  shall  he  guilty  of  a  misdemeanor,  and  upon  conviction  thereof,  in  a  court 
of  c'orapetent  Jurisdiction,  shall  be  punished  by  a  fine  In  any  sum  not  to  exceeil 
$5,000,  or  by  Imprisonment  In  the  county  Jail  not  to  exceed  thirty  days,  or  by 
both  fine  and  Imprisonment. 

State  May  Secure  Receiver — Extent  and  Manner. 

Sec.  9.  That  In  addition  to  any  penalty  Imposeil  under  the  preceding  section, 
any  i)erson,  firm,  or  corporation,  violating  the  provisions  of  this  act.  shall  l)e 
subject  to  have  his  or  its  producing  property  placed  In  the  hands  of  a  receiver 
by  a  court  of  competent  Jurisdiction,  at  the  suit  of  the  State  through  the 
attorney  general  or  any  county  attorney,  but  such  receivership  shall  only 
extend  to  the  operating  of  protiucing  wells  and  the  marketing  of  the  production 
thereof,  under  the  provisions  of  this  act. 
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VALiDmroF  Relative  Sections  of  Act. 

Sec.  10.  That  the  validity  of  any  section,  subdivision,  clause,  or  sentence 
of  tills  act  shall  not  in  any  manner  affect  the  validity  of  the  remaining  ix)rtion 
thereof. 

Emebgenct. 

Sec.  1L  For  the  preservation  of  the  public  peace,  health,  and  safety,  an  emer- 
gency is  hereby  declared  to  exist  by  reason  whereof  this  act  shall  tal^e  effect 
and  be  in  force  from  and  after  its  passage  and  approval. 

Approved  February  11,  1915. 
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PUBLICATIONS  ON  PETROLEUM  TECHNOLOGY. 

•A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  is  temporarily  available  for  free  distribution.  Requests  for 
all  publications  can  not  be  granted,  and  to  insure  equitable  distribu- 
tion applicants  are  requested  to  limit  their  selection  to  publications 
that  may  be  of  especial  interest  to  them.  Requests  for  publications 
should  be  addressed  to  the  Director,  Bureau  of  Mines. 

Bulletin  88.  The  condensation  of  gasoUne  from  natural  gas,  by  G.  A.  Bur- 
refl,  F.  M.  Selbert,  and  G.  G.  OberfoU.     lOl.l.     1(H5  pp.,  G  pis.,  18  figs. 

Technical  Paper  10.  Liquefied  pro^lucts  from  natural  gas,  their  proi)erties 
and  uses,  by  I.  C.  Allen  and  G.  A.  Burrell.     1912.     23  pp. 

Technical  Paper  32.  The  cementing  proct*ss  of  excluding .  water  from  oil 
wells,  as  practiced  In  California,  by  llalph  Arnold  and  V.  11.  Garfius.  1913. 
12  pp.,  1  fig. 

Technical  Paper  37.  Heavy  oil  as  fuel  for  internal-combustion  engines,  by 
I.  C.  Allen.     1913.     3G  pp. 

Technical  Pai>er  38.  Wastes  in  the  productitm  and  utilization  of  natural 
gas  and  means  for  their  prevention,  by  Ralph  Arnold  and  F.  G.  Ohipp.  1913. 
29  pp. 

Technical  Paper  42.  The  prevention  of  w^aste  of  oil  and  gas  from  flowing 
wells  in  California,  with  a  discussion  of  si)e('ial  methods  used  by  J.  A.  Pollard, 
by  Ralph  Arnold  and  V.  R.  Garflas.    1913.     15  pp.,  2  pis..  4  ftgs. 

Technical  Paper  45.  Waste  of  oil  and  gas  in  the  Mid-Continent  fields,  by 
R.  S.  Blatchley.     1914.     54  pp.,  2  pis.,  15  figs. 

Technical  Papjx  49.  The  flash  point  of  oils;  methods  and  apparatus  for  its 
determination,  by  I.  C.  Allen  and  A.  S.  Crossfleld.     1913.    31  pp..  2  figs. 

Technical  Paper  57.  A  preliminary  report  on  the  utilization  of  oil  and 
natural  gas  in  Wyoming,  by  W.  R.  Calvert,  with  a  discussion  of  the  suitability 
of  natural  gas  for  making  gasoline,  by  (».  A.  Burrell.     1913.    23  pp. 

Technical  Paper  GG.  Mud-laden  fluid  applieil  to  well  drilling,  by  J.  A.  Pollard 
and  A.  G.  Heggem.     1914.     21  pp.,  12  figs. 

Technical  Paper  G8.  Drilling  wells  in  Oklahoma  by  the  mud-laden  fluid 
method,  by  A.  G.  Heggem  and  J.  A.  Pollard.     1914.     27  pp.,  5  figs. 

Technical  Paper  70.  Methods  of  oil  recovery  as  practiced  in  California,  by 
Ralph  Arnold  and  V.  R.  Garfias.     1914.     57  pi).,  7  figs. 

Technical  Paper  72.  Problems  of  the  petroleum  industry ;  results  of  confer- 
ences at  Pittsburgh,  Pa.,  August  1  and  September  10,  1913,  by  I.  C.  Allen.  1914. 
20  pp. 

Technical  Paper  74.  Physical  and  chemical  properties  of  the  petroleums  of 
California,  by  I.  C.  Allen,  W.  A.  Jacobs,  A.  S.  Crossfleld,  and  R.  R.  Matthews. 
1914.    38  pp.,  1  flg. 

Technical  Paper  79.  Electric  lights  for  oil  and  gas  wells,  by  H.  H.  Clark. 
1914,    8  pp. 

Technical  Paper  104.  Analysis  of  natural  gas  and  illuminating  gas  by  frac- 
tional distillation  in  a  vacuum  at  low  temperatures  and  pressures,  by  G.  A. 
Burrell,  F.  M.  Selbert,  and  I.  W.  Robertson.     1915.    41  pp.,  7  figs. 
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Technical  Paper  117.  Quantity  of  gasoline  necessary  to  produce  explosive 
vapors  in  sewers,  by  G.  A.  Burrell  and  H.  T.  Boyd.     1916.    18  pp.,  4  figs. 
Technical  Papee  127.  Hazards  in  handling  gasoline,  by  G.  A.  Burrell.    1915. 

12  pp. 

Technical  Paper  130.  Underground  wastes  in  oil  and  gas  fields  and  methods 
of  prevention,  by  W.  F.  McMurray  and  J.  O.  Lewis.     1916.     31  pp.,  1  pi.,  9  figs. 

Technical  Paper  13L  The  compressibility  of  natural  gas  at  high  pressures, 
by  G.  A.  Burrell  and  I.  W.  Robertson.    1916.    12  pp.,  2  figs. 

Technical  Paper  161.  Construction  and  operation  of  a  single-tube  cracking 
furnace  for  making  gasoline,  by  C.  P.  Bowie.    1916.    16  pp.,  10  pis. 

PUBUCATIONS  THAT    MAY   BE   OBTAINED   ONLY   THROUGH   THE    SUPERIN- 
TENDENT OF  DOCUMENTS. 

The  editions  f  Ar  free  distribution  of  the  following  Bureau  of  Mines 
publications  are  exhausted,  but  copies  may  be  obtained  by  purchase 
from  the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.  X!.,  or  can  be  consulted  at  public  libraries.  Prepay- 
ment of  the  price  is  required  and  should  be  made  in  cash  (exact 
amount)  or  by  postal  or  express  money  order  payable  to  the  superin- 
tendent of  documents. 

The  Superintendent  of  Documents  is  an  official  of  the  Government 

Printing  Office  and  is  not  connected  with  the  Bureau  of  Mines.' 

Bulletin  65.  Oil  and  gas  weUs  through  workable  coal  beds ;  papers  and  djs- 
f*iissions,  by  G.  S.  Rice,  O.  P.  Hood,  and  others.  1913.  101  pp.,  1  pi.,  11  figs. 
10  cents. 

BirLLETiN  114.  Manufacture  of  ffasoline  and  benzene-toluene  from  petroleum 
anil  other  hydrocarbons,  by  W.  F.  Rittman,  C.  B.  Button,  and  E.  W.  Dean,  with 
a  hibliography  compiled  by  M.  S.  Howard.  1916.  268  pp.,  9  pis.,  45  figs.  35 
cents.  • 

Technical  Paper  3.  Specifications  for  the  purchase  of  fuel  oil  for  the  Qov- 
prnment,  with  directions  for  sampling  oil  and  natural  gas,  by  I.  O.  Allen. 
1911.    13  pp.     5  cents. 

Technical  Paper  25.  Methods  for  the  determination  of  water  In  petroleum 
and  its  products,  by  I.  C.  Allen  and  W.  A.  Jacobs.    1912.    13  pp.,  2  figs.    5  cents. 

Technical  Paper  26.  Methods  for  the  determination  of  the  sulphur  content  of 
fuels,  especially  petroleum  products,  by  I.  C.  Allen  and  I.  W.  Robertson.    1912. 

13  pp.,  1  fig.    5  cents. 

TECHNICAL  Paper  36.  The  preparation  of  specifications  for  petroleum  prod- 
ucts, by  I.  C.  Allen.    1913.    12  pp.    5  cents. 

Technical  Papes  51.  Possible  causes  of  the  decline  of  oil  wells,  and  suggested 
methods  of  prolonging  yield,  by  L.  G.  Huntley.    1913.    32  pp.,  9  figs.    5  cents. 

Technical  Paper  53.  Proiwsed  regulations  for  the  drilling  of  oil  and  gas 
wells,  with  comments  thereon,  by  O.  P.  Hood  and  A.  G.  Heggem.  1913.  28  pp., 
2  figs.    5  cents. 

Technical  Paper  109.  CJompositlon  of  the  natural  gas  used  in  25  cities,  with 
a  discussion  of  the  proi)erties  of  natural  gas,  by  G.  A.  Burrell  and  G.  G.  Ober- 
toU.    1915.    22  pp.    5  cents. 

Technicai.  i*APER  115.  Inflammability  of  mixtures  of  gasoline  vapor  and  air, 
by  G.  A  Burrell  and  H.  T.  Boyd.    1915.    18  pp.,  2  figs.    5  cents. 
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Secretary  of  the  Interior,  powers  of_  68-73 

Settling  pits,  figure  showing 17 

Settling  trough,  figure  showing 18 

Shale  for  mud-laden  fluid,  advantage 

of 12 

Shamrock  pool.  Oklahoma,  waste  of 

gas  In 49 

Shrcveport  field,  Louisiana,  waste  of 

natural  gas  in 7 

Sinclair,  White  &  IJfer  well,  Okla- 
homa, difficulties  in  drill- 
ing of 25 

Slush  pit,  construction  of 17 

regulations   regarding 70 

figure  showing 17 

Slush     pump,     position     of,     figure 

showing .^ 18 

description  of 23 

Straw,  In  mud  fluid,  use  of 23 
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prohibition  of,  law  on 74,  77 

Waste,  definition  of 74,77 

underground,  injury  from 12 
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COMBUSTION  OF  COAL  AND  DESIGN  OF  FURNACES. 


By  Henry    Kreisinoer,  C.   E.   Augustine,   and    F.   K.  Ovrrz. 


IVTBODVCTIOH. 

The  Bureau  of  Mines  is  conducting  investigations  to  determine 
how  fueb  belonging  to  or  for  the  use  of  the  United  States  Govern- 
ment can  be  utilized  with  greater  efficiency.  As  a  result  of  these 
investigations  a  number  of  reports  have  been  published,  each  report 
treating  of  one  phase  of  fuel  utilization.  A  list  of  these  pubUcations 
is  given  at  the  end  ot  this  bulletin. 

The  efficient  utilization  of  coal  depends  on  the  correct  design  of 
furnaces  and  on  their  proper  operation.  To  attain  both  of  these 
conditions  a  knowledge  of  the  fundamental  principles  of  combus- 
tion is  necessary.  Therefore,  the  study  of  the  combustion  of  coal 
in  industrial  furnaces  has  been  made  a  part  of  the  bureau's  fuel  in- 
vestigations. 

The  desirability  of  investigating  the  fundamental  principles  of 
combustion  was  su^ested  by  the  study  of  a  large  number  of  steam- 
ing tests  made  by  the  fuel-testing  division  on  coals  from  all  of  the 
more  important  fields  in  the  United  States.  The  results  of  these 
tests  have  been  published  in  Bulletin  325^  of  the  United  States 
Geological  Survey  and  in  Bulletin  23  ^  of  the  Bureau  of  Mines. 

As  a  result  of  that  study  a  plan  to  investigate  the  combustion  of 
coal  in  a  special  apparatus  in  which  all  conditions  could  be  controUed 
was  presented  to  the  National  Advisory  Board  for  Fuels  and  Struc- 
tural Materials  at  its  meeting  of  April  10  and  11,  1906.  The  plan 
received  the  approval  of  the  board,  and  since  the  estabhshment  of 
the  experiment  station  of  the  Bureau  of  Mines  at  Pittsbui^h  the 
investigation  of  the  combustion  of  coal  has  been  carried  on  intermit- 
tently. The  history  of  these  investigations  is  given  in  Technical 
Paper  63.« 

•  Bncknuidge,  L.  P.,  A  study  of  four  huodnd  steaming  tests  made  at  the  fuel-testing  plant,  St.  Louis, 
Mo.,  in  19M,  1905,  and  1906:  U.  8.  Oeol.  Survey  Bull.  325, 1907, 196  pp. 

^  Bnckeiuidge,  L.  P.,  Kralslngar,  Henry,  and  Ray,  W.  T.,  Steaming  tests  of  coal  and  related  Investl- 
pxioos,  Sept.  1, 1901,  to  Dec.  31, 1908:  Bull.  23,  Bureau  of  Mines,  1912, 380  pp. 

c  Clement,  J.  K.,  Fraxer,  J.  C.  W.,  and  Augustine,  C.  E.,  Factors  governing  the  combustion  of  coal  In 
boOer  fonaoes:  Tecfa.  Paper  63,  Bureau  of  liines,  1914,  46  pp. 
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2  COMBUSTION   OF  COAL  AND  DESIGN   OF   FURNACES. 

PEESOHHEI. 

The  combustion  investigations  reported  in  this  bulletin  were  con- 
ducted by  one  fireman  and  five  observers,  three  of  whom  were  chem- 
ists collecting  and  analyzing  samples  of  gases.  The  following  men 
were  at  various  times  members  of  the  crew:  W.  T.  Ray,  H.  Kreis- 
inger,  J.  K.  Clement,  J.  C.  W.  Frazer,  E.  J.  Hoffman,  C.  E.  Augus- 
tine, F.  K.  Ovitz,  A.  E.  Hall,  L.  L.  Satler,  A.  L.  Smith,  V.  B.  Bonny, 
E.  T.  Gregg,  L.  H.  Adams,  W.  L.  Egy,  and  J.  P.  Stein. 

Chemical  analyses  of  coal  and  refuse  were  made  imder  the  direc- 
tion of  A.  C.  Fieldner,  chemist,  of  the  Bureau  of  Mines. 

PUEPOSE  AHD  SCOPE  OF  COMBUSTIOH  IlfVESTIOATIOKS. 

In  practically  all  industrial  furnaces  the  combustion  of  coal  takes 
place  in  two  stages — (1)  combustion  in  the  fuel  bed,  which  in- 
dudes  the  distillation  of  volatile  matter  and  partial  combustion  or 
gasification  of  the  fixed  carbon;  and  (2)  combustion  of  the  gaseous 
and  other  combustible  rising  from  the  fuel  bed  in  the  combustion 
space. 

The  processes  of  combustion  in  a  hand-fired  furnace  can  be  best 
explained  by  reference  to  figure  1.  In  the  figure  the  curves  show  the 
percentages  of  the  different  gases  at  various  points  in  the  fuel  bed  and 
in  the  combustion  space.  The  changes  in  the  percentage  of  each  gas 
indicate  the  process  of  combustion.  The  fuel  bed  is  shown  to  be  6 
inches  thick.  The  oxygen  (O,)  is  all  used  at  about  3}  inches  from 
the  grate.  At  the  same  point  the  carbon  dioxide  (CO,)  readies  a  maxi- 
mum of  about  12  per  cent.  Beyond  this  point  the  percentage  of  CO, 
drops  and  the  percentage  of  carbon  monoxide  (CO)  and  other  com- 
bustible increases  rapidly,  showing  that  the  CO,  is  reduced  by  contact 
with  hot  carbon  to  CO.  At  the  surface  of  the  fuel  bed  the  gases  con- 
tain about  26  per  cent  of  combustible,  no  oxygen,  and  about  8  per 
cent  of  COj.  Air  is  added  over  the  fuel  bed  and  the  combustible  is 
burned  in  the  combustion  space.  At  the  end  of  7  feet  of  the  combus- 
tion space,  the  combustible  gases  are  burned  to  4  per  cent  and  at  the 
same  time  the  COj  increases  to  14  per  cent.  With  a  combustion  space 
long  enough  the  percentage  of  combustible  would  be  reduced  prac- 
tically to  zero. 

The  three  main  processes  in  the  fuel  bed  are  the  oxidization  of  car- 
bon to  COa,  the  reduction  of  CO,  to  CO,  and  the  distillation  of  volatile 
matter.  The  zones  where  these  three  processes  take  place  are  indi- 
cated at  the  top  of  figure  1,  and  are  called  the  oxidizing  zone,  the 
reducing  zone,  and  the  distillation  zone.  The  boundaries  between 
the  three  zones  are  not  distinct,  the  zones  merging  gradually  into  one 
another. 


PUBPOSE  AND  SCOPE  OP  COMBUSTION  INVESTIGATIONS.  3 

The  combtistion  investigations  of  the  bureau  are  carried  on  in  two 
parts.  One  part  is  the  study  of  the  processes  of  combustion  in  the  fuel 
bed  88  affected  by  the  rate  of  supplying  air  through  the  fuel  bed,  by 
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the  charaoter  of  the  fuel  as  regards  structure  and  composition,  by  the 
thickness  of  fuel  bed,  by  the  method  of  feeding  the  coal  and  the  air, 
&nd  by  the  method  of  heating  the  coal.  Investigations  so  far  com- 
pleted show  that  the  fuel  bed  in  most  industrial  furnaces  acts  pri- 
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marily  as  a  gas  producer.  The  gases  rising  from  a  level  fuel  bed  con- 
tain 15  to  32  per  cent  of  combustible  gases,  about  8  per  cent  of  carbon 
dioxide,  and  practically  no  free  oxygen.  This  is  true  of  even  6-inch 
fuel  beds  and  rates  of  combustion  as  high  as  120  pounds  of  coal  per 
hour  per  square  foot  of  ^ate.  The  process  of  combustion  in  the  fuel 
bed  is  treated  more  thoroughly  in  Technical  Paper  137.** 

The  second  part  of  the  investigation  is  the  study  of  the  process  of 
combustion  of  the  gases  and  other  combustible  rising  from  the  fuel 
bed  in  the  combustion  space,  after  a  sufficient  quantity  of  air  has 
been  added.    The  results  of  the  study  are  given  in  this  report. 

The  process  of  combustion  in  the  combustion  space  is  influenced 
by  many  factors,  the  most  important  of  which  are  the  following:  The 
volume  and  shape  of  the  combustion  space;  the  kind  of  coal  used, 
especiaUy  the  chaj^acter,  and  the  amount  of  the  volatile  matter  it 
contains;  the  rate  of  firing;  the  quantity  of  air  supplied  over  the  fuel 
bed;  the  rate  of  mixing  the  air  with  the  combustible  rising  from  the 
fuel  bed;  the  rate  of  heating  the  coal;  and  the  temperature  in  the 
combustion  space. 

The  quaUtative  effects  on  the  rate  and  completeness  of  combustion 
of  many  of  these  factors  have  been  known  for  a  long  tune.  Thus,  for 
example,  it  has  been  generally  known  that  the  higher  the  percentage 
of  volatile  matter  in  the  coal  and  the  higher  the  rate  of  combustion, 
the  larger  must  be  the  combustion  space  to  attain  practically  com- 
plete combustion.  But  the  exact  relation  of  these  factors  was  not 
known ;  that  is,  the  quantitative  data  presented  in  some  convenient 
units,  such  as  poimds,  feet,  or  percentages,  were  lacking.  It  was  to 
obtain  such  definite  relations  that  the  study  of  combustion  in  the 
space  beyond  the  fuel  bed  was  undertaken.  On  pages  68  to  89  are 
given  data  for  proportioning  the  combustion  spaces  of  industrial  fur- 
naces; these  data,  being  the  result  of  direct'  experimental  work,  fur- 
nish a  more  rational  basis  for  design  than  has  heretofore  been  available. 

The  apparatus  so  far  used  in  the  investigation  was  a  special  furnace 
having  a  combustion  space  3  feet  by  3  feet  in  cross  section  and  about 
40  feet  long. 

Provision  was  made  to  collect  gas  samples  at  about  5-foot  intervals 
along  the  path  of  travel  of  the  gases  through  the  combustion  space. 
Analyses  of  these  samples  furnished  the  principal  data  for  the  study 
of  the  process  of  combustion  in  the  combustion  space. 

EEASOHS  FOB  SEIECTIHG  A  SPECIAL  FXTBHACE. 

So  many  factors  influence  the  process  of  combustion  that  it  is 
impossible  to  get  concordant  results  if  all  the  factors  vary  at  once. 
The  apparatus  and  the  experiments  must  be  so  planned  that  only 

a  Kreisliignr,  Henry,  Ovitz,  F.  X.,  and  Augustine,  C.  B.,  Oombustioa  in  tbe  fuel  bed  of  band-find 
fumaoeft:  Tech.  Paper  137,  Bureau  of  Mines,  1916, 76  pi». 


SCOPE  OF  THIS  REPOBT.  5 

one  factor  is  varied  at  a  time,  while  the  other  factors  aie  fixed  or 
made  constant.  The  design  of  the  apparatus  must  be  such  that  a 
complete  set  of  accurate  observations  can  be  taken.  It  was  mainly 
for  these  reasons  that  the  special  furnace  was  chosen. 

The  first  steps  in  the  investigation  were  to  study  the  effects  of  the 
size  of  the  combustion  space^  of  the  rate  of  combustion,  of  the  kind 
of  coal,  and  of  the  air  supply.  The  rate  of  heating,  and  the  rate  of 
mixing  air  added  over  the  fuel  bed  with  combustible  gases  were  to 
be  kept  as  constant  as  practicable.  Only  the  normal  mixing  hi  the 
stoker  and  the  natural  diffusion  of  gases  entered  into  the  series  of 
tests  so  far  conducted.  One  reason  for  starting  the  investigation 
with  this  limited  mixing  was  that  most  industrial  furnaces  operate 
mider  similar  conditions.  Another  reason  was  to  obtain  time  and 
experience  for  devising  effective  means  for  mixing  and  some  con- 
Tenient  way  of  expressing  the  speed  and  thoroughness  of  mixing. 
It  was  realized  at  the  time  of  planning  these  investigations  that  the 
rate  of  mixing  of  air  added  over  the  fuel  bed  with  the  combustible 
rising  from  the  fuel  bed  greatly  affects  the  rapidity  of  the  combustion 
of  the  gases. .  The  importance  of  mixing  has  been  pointed  out  by 
Breckinridge.  * 

Since  the  investigations  recorded  in  this  report  were  made  the 
experimental  furnace  has  been  so  modified  that  any  quantity  of  air 
can  be  introduced  over  the  fuel  bed  with  controllable  velocities  and 
in  four  different  directions^  producing  different  rates  of  mixing.  A 
series  of  tests  has  been  started  with  this  modified  furnace  with  the 
object  of  determining  the  effect  of  mixing  on  the  rapidity  of  com- 
bustion of  the  volatile  matter  of  coal  in  the  combustion  space. 

SCOPE  OF  THIS  BEPOBT. 

This  report  treats  of  the  processes  of  combustion  of  the  com- 
bnstible  substances  rising  from  the  fuel  bed,  which  must  be  burned 
in  the  combustion  space  of  the  furnace.  In  other  words,  it  con- 
siders the  processes  taking  place  in  the  furnace  between  the  top 
of  the  fuel  bed  and  the  place  where  the  gases  leave  the  furnace. 
The  knowledge  of  these  processes  makes  it  possible  to  determine  the 
proper  design  of  the  combustion  space  of  a  furnace  for  burning  a 
given  coal  under  a  given  set  of  conditions. 

This  bulletin  is  a  companion  report  to  Technical  Paper  137,*  and 
is  a  more  complete  report  of  the  investigations,  a  part  of  which  were 
reported  in  Technical  Paper  63.  ^ 

«  BnckcQiidgey  L.  P.,  A  study  of  four  hundred  steaming  tests  made  at  the  fad-testing  plant,  St.  Louis, 
Mo.,  in  1904,  U06,  and  1900:  XT.  8.  GeoL  Survey  Bull.  325, 1007,  p.  178. 

^  KfliUngierf  Henry,  Ovlts,  F.  K.,  and  Augustine,  C.  E.,  Combustion  in  the  fuel  bed  of  hand-Ared 
f°nao«:  TedL  Paper  137,  Bureau  of  Mines,  1916, 76  pp. 

c  demnt,  J.  K.,  Fraser,  J.  C.  W.,  and  Augustine,  C.  £.,  Factors  governing  the  oombustlon  of  ooal  in 
iMiler  famaoBs:-  Tech.  Paper  63,  Bureau  of  Mines,  1914, 46  pp. 
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The  material  presented  consists  mainly  of  the  description  of  about 
100  tests  made  in  the  special  furnace  having  a  long  combustion  apace ; 
the  tabulated  and  plotted  results  of  these  tests;  and  the  diseaasion 
of  these  results  vdth  deductions  furnishing  the  ba^  for  rational 
furnace  design.  The  tests  were  made  with  three  kinds  of  coal, 
namely,  Pocahontas,  Pittsbm^h,  and  Illinois  coal.  The  coals  were 
burned  at  five  rates — 20,  30,  40,  50,  and  60  pounds  per  square  foot  of 
grate  per  hour.  Several  tests  were  made  with  each  coal  at  each  rate 
of  combustion,  each  test  being  run  with  a  di£Fanent  percentage  of 
excess  air. 

The  material  is  arranged  in  four  parts.  The  first  part  contains 
the  description  of  the  apparatus  aitfd  the  methods  of  conducting  the 
experiments;  the  second  part  gives  the  residts  of  the  experinoents^ 
explains  their  meaning  and  points  out'  their  practical  application; 
the  third  part  consist  of  discussions  of  miscellaneous  observations; 
and  the  fourth  part  contains  a  discussion  of  the  process  of  combustion 
in  the  combustion  space  and  of  the  laws  that  govern  it. 

PBACTICAI  DEDUCTIOHS  FEOM  IlfVESTIOATIGHS. 

The  practical  deductions  are  given  in  figures  29,  30,  32,  and  33 
and  the  text  on  pages  68  to  89.  The  data  shown  in  the  figures  may 
be  used  for  proportioning  the  combustion  space  in  designing  furnaces. 
Although  these  data  were  obtained  from  experiments  with  a  Murphy 
furnace  and  are  therefore  particularly  applicable  to  furnaces  of  that 
type,  it  is  believed  that  they  may  be  a  valuable  guide  in  the  propor- 
tioning of  other  furnaces.  When  applying  the  data  to  other  furnaces 
the  designer  should  give  full  consideration  to  the  method  of  intro- 
ducing secondary  air  and  the  facilities  for  mixing  it  with  the  com- 
bustible rising  from  the  fuel  bed.  If  the  methods  of  introducing  the 
air  and  the  facilities  for  mixing  it  are  better  than  those  used  in  the 
experimental  furnace,  smaller  combustion  space  than  is  indicated  in 
the  figures  may  be  used.  If,  however,  the  methods  are  not  as  good 
the  size  of  the  combustion  space  should  be  increased.  For  the  best 
results  the  secondary  air  should  be  introduced  as  near  to  the  fuel 
bed  as  practicable,  and  the  air  should  be  supplied  in  a  large  number 
of  streams  at  high  velocities. 

0ENSBAL  ST710CABT. 

The  gases  rising  from  the  fuel  bed  of  a  Murphy  stoker  contain  10 
to  28  per  cent  by  volume  of  combustible.  As  the  gases  flow  thiougb 
the  combustion  space  they  mix  with  the  air  added  over  the  fuel  bed 
and  bum.  Because  of  this  combustion  the  percentage  of  combustible 
decreases  along  the  path  of  gases,  the  rate  of  decrease  being  rapid  afc 
first,  but  slowing  down  as  the  gases  move  farther  from  the  fuel  bed. 
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Hiis  oosKbaslaoii  process  is  discussed  on  pages  54  to  61  in  connection 
with  figures  14  to  18,  inclusive. 

InasmaGh  as  the  gases  rising  from  the  fuel  bed  contain  10  to  28 
per  cent  of  combustible  and  practically  no  free  oxygen,  additional 
air  must  be  supplied  over  the  fuel  bed  to  insure  complete  combustion. 
In  order  that  this  additional  air  may  flow  into  the  furnace,  the  pres- 
sure of  gases  in  the  furnace  must  be  somewhat  below  that  of  the 
outside  air;  in  other  words,  there  must  be  a  '^ draft"  over  the  fire. 
If  the  pressure  in  the  furnace  is  nearly  the  same  as  that  of  the  out- 
ride atmosphere,  the  additional  air  must  be  supplied  under  pressure 
with  a  blower  or  some  other  device.  Therefore,  a  furnace  can  not 
be  operated  successfully  with  the  so-called  balanced  draft,  without 
supplying  under  pressure  the  necessary  air  over  the  fuel  bed. 

RELATION  OP  COMPLETENESS  OF  COMBUSTION  TO  SIZE  OF  COMBUSTION 

SPACE. 

The  combustible  gases  leaving  the  fuel  bed  represent  40  to  60 
per  cent  ot  the  total  heat  units  in  the  coal,  so  that  it  can  be  said  that, 
oa  an  average,  one-half  of  the  combustion  of  coal  takes  place  in  the 
fuel  bed  and  one-half  in  the  combustion  space.  The  completeness 
of  combustion  of  the  gases  depends  on  the  size  of  the  combustion 
space.  This  feature  of  the  combustion  process  is  discussed  in  detail 
on  pages  61  to  67  in  connection  with  fiigures  19  to  23,  indusiye. 

BATE  OF   FEEDING   AIB  AND  COAL. 

The  completeness  of  combustion  with  any  given  size  of  combustion 
space  depends  on  the  excess  of  air  and  the  rate  of  fixing  the  coal.  In 
general,  the  smaller  the  excess  of  air  and  the  higher  the  rate  of  firing 
the  less  completely  are  the  furnace  gases  burned.  The  effect  of  these 
two  factors  on  the  completeness  of  combustion  is  discussed  on  page 
68  ia  connection  with  figures  24  to  28,  inclusive. 

The  apphcation  to  furnace  design  of  the  relation  between  the 
completcmess  of  combustion  on  the  one  hand  and  the  size  of  com- 
bostioQ  space,  the  excess  of  air  and  the  rate  of  firing  on  the  other,  is 
^ven  in  pages  68  to  78  in  connection  with  fiigures  29  and  30. 

CHARACTER  OF  FUEL. 

The  effect  of  the  composition  of  the  coal  on  the  required  combustion 
space,  when  the  coal  is  burned  under  a  giv^i  set  of  conditions  is 
discussed  on  pages  78  to  90  in  connection  with  figures  31  and  32. 
b  general,  it  can  be  said  that  for  any  given  set  of  conditions  as  to 
r»te  of  combustion  aiid  excess  of  air  the  required  size  of  combustion 
space  is  approximately  in  direct  proportion  to  the  product  of  the 
percentage  of  the  volatile  matter  times  a  factor  representing  its 
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quality.  The  indicator  of  the  quality  of  the  volatile  matter  is  the 
ratio  of  the  volatile  carbon  to  available  hydrogen.  The  more  carbon 
in  the  volatile  matter  the  more  difficult  the  latter  is  to  bum. 

The  size  of  the  combustion  space  required  for  any  set  of  conditions 
of  combustion  also  appears  to  be  directly  proportional  to  the  per- 
centage of  oxygen  in  the  moisture-free  and  ash-free  coal.  However, 
it  is  very  likely  that  the  burning  properties  of  the  coal  are  not  directly 
affected  by  the  oxygen  in  the  coal,  but  that  the  oxygen  indicates 
the  stage  in  carbonization  of  the  original  plant  substance,  and  that 
this  stage  of  carbonization,  or  the  age  of  the  coal,  has  a  direct  effect 
on  burning  properties. 

The  percentage  of  excess  air  that  gives  the  best  results  in  any 
steam-generating  apparatus  varies  with  the  size  of  the  furnace  and 
the  kind  of  fuel.  In  two  furnaces  burning  the  same  fuel  but  having 
different  sizes  of  combustion  space,  the  one  with  the  smaller  combus- 
tion space  will  require  more  excess  air  for  the  best  results  than  vdll 
the  one  with  the  lai^er  combustion  space.  Also  of  two  furnaces 
exactiy  alike  in  size,  but  burning  different  coals,  the  one  burning 
the  coal  lower  in  volatile  matter  and  oxygen  gives  the  best  results 
with  lower  excess  of  air  than  is  necessary  for  the  best  results  in  the 
furnace  burning  the  coal  higher  in  volatile  matter  and  oxygen. 
This  fact  explains  why  in  one  plant  the  highest  efficiency  may  be 
obtained  with  14  per  cent  of  CO,  in  the  gases  and  in  another  plant 
with  only  10  per  cent  of  COa-  This  featxu'e  ia  discussed  in  detail 
on  pages  90  to  97  in  connection  with  figures  35  to  39,  inclusive. 

STEATIFICATION   OF  GASES. 

The  gases  in  the  furnace  are  not  of  uniform  composition;  they  tend 
to  flow  through  the  combustion  space  in  stratified  streams.  This 
tendency  to  stratification  retards  combustion  and  makes  gas  sampling 
difficult,  and  persists  even  with  the  apparently  violent  mixing  of 
the  Murphy  furnace.  It  is  impossible  to  draw  definite  conclusions 
of  the  progress  of  combustion  by  taking  only  one  gas  sample  at  any 
one  cross  section  of  the  combustion  space.  Even  by  taking  several 
simultaneous  samples  at  different  points  in  any  one  cross  section  it 
is  difficult  to  arrive  at  the  average  composition  of  the  gases.  This 
statement  is  true  in  varying  degrees  of  all  conmiercial  furnaces. 
This  featiu*e  is  discussed  on  pages  97  to  104,  inclusive. 

CONTENT  OF   CO,   AND   (X)   IN   GASES. 

There  is  a  definite  relation  for  each  coal  between  the  excess  of  air 
supply  and  the  percentage  of  CO,  in  the  f umace«gases.  This  relation 
is  shown  for  Pocahontas,  Pittsburgh,  and  Illinois  coal  in  figure  40, 
and  is  discussed  on  page  105. 
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The  total  combustible  gases  at  any  cross  section  of  the  combustion 
space  are  praportional  to  the  percentage  of  CO  in  the  furnace  gases. 
Approximately  the  percentage  of  CO  forms  four-fiftlis  of  the  total 
combustible  gases.  The  other  one-fifth  consists  mainly  of  hydrogen; 
only  a  trace  of  methane  is  usually  found  in  the  gases.  Therefore,  by 
determining  the  percentage  of  CO  in  the  furnace  gases,  the  heat  losses 
due  to  the  escape  of  all  combustible  gases  can  be  closely  computed. 
The  relation  between  the  percentage  of  CO  and  these  heat  losses  is 
shown  in  figures  41  and  42,  and  is  discussed  on  pages  106  to  109. 

EFFECT  OF  GAS  SAMPLERS  ON  TEMPERATUBE  DROP. 

The  drop  in  temperature  along  the  path  of  the  furnace  gases  in  the 
experimental  furnace  was  mainly  due  to  the  heat  absorption  by  the 
water-cooled  gas  samplers.  The  gas  samplers  were  absorbing  heat 
at  the  rate. of  one  boiler  horsepower  on  less  than  0.25  square  foot  of 
exposed  surface.  This  drop  in  temperature  is  discussed  on  pages  109 
to  111. 

BURNING  OF  VOLATILE   MATTER. 

The  volatile  matter  leaves  the  fuel  bed  as  complex  hydrocarbon 
compounds.  In  the  absence  of  sufficient  oxygen  for  their  complete 
combustion  these  hydrocarbons  are  quickly  decomposed  by  the  high" 
furnace  temperature  into  soot,  hydrogen,  and  carbon  monoxide.  The 
formation  of  CO  is  due  to  the  presence  of  CO,  and  the  small  supply  of 
Oxygen.  At  a  distance  of  1  or  2  feet  from  the  surface  of  the  fuel  bed 
only  a  veiy  small  atnount  of  hydrocarbons  can  be  found  in  any  state, 
gaseous,  liquid,  or  solid.  The  solid  substance  present  in  the  flames 
is  mostly  soot,  with  a  trace  of  tars.  This  fact  is  shown  in  Table  1 1 
and  figure  44.  All  hydrocarbons  are  unstable  at  furnace  tempera- 
tare,  and  unless  enough  air  to  insure  complete  combustion  is  quickly 
mixed  with  them  at  the  time  they  are  distilled,  they  are  quickly 
decomposed,  the  ultimate  product  consisting  mostly  of  soot,  H,  and 
CO.  Methane  (CH4),  which  is  perhaps  the  most  stable  hydrocarbon, 
is  found  only  in  traces,  1  foot  beyond  the  surface  of  the  fuel  bed.  The 
persistence  of  CO  in  the  furnace  gases  is  not  due  to  the  difficulty  of 
bmning  it,  but  to  its  constant  formation  by  the  reaction  between 
soot  and  H,  with  00,.  This  is  the  reason  why  CO  is  foimd  in  the 
fmnace  gases  after  all  other  forms  of  combustible  have  practically 
disappeared.  Under  ordinary  furnace  conditions  there  is  no  need  of 
analyzing  for  any  other  combustible  gas  when  the  CO  content  is  less 
thanl  percent. 

Soot  19  formed  at  the  surface  of  the  fuel  bed  by  heating  the  hydro- 
carbons in  absence  of  air;  it  is  not  formed  by  the  hydrocarbon  gases 
striking  the  cooling  surfaces  of  the  boiler.  As  a  matter  of  fact  only  a 
very  small  trace  of  the  hydrocarbon  gases  ever  reaches  the  surfaces  of 
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the  boiler;  hydrocarbons  that  do  so  are  prevented  from  decomposi- 
tion by  the  cooling  effect  of  the  contact.  The  cooling  surfaces  do 
not  cause  the  formation  of  soot,  they  merely  collect  soot  and  prevent 
its  combustion.  Hydrocarbons  are  stable  at  low  temperatures  but 
decompose  readily  at  high  temperatures. 

Only  when  the  furnace  temperature  is  very  low,  say  below  1,000^  F., 
is  there  found  an  appreciable  quantity  of  hydrocarbons  2  feet  from 
the  fuel  bed.    This  subject  is  discussed  in  detail  on  pages  1 1 2  to  125. 

The  rapidity  of  burning  combustible  in  the  combustion  space 
depends  on  the  quantity  of  oxygen  intimately  mixed  with  the  com- 
bustible. The  larger  this  quantity  the  faster  the  combustible  bums. 
This  phase  of  the  combustion  process  is  considered  on  pages  125  to 
129. 

Thorough  mixing  of  the  gases  produces  a  uniform  mixture  of  the 
oxygen  and  the  combustible,  thereby  making  possible  the  most  rapid 
combustion  with  any  given  air  supply.  In  a  large  number  of  instances 
the  rapidity  of  combustion  is  limited  by  the  rate  of  mixing.  Thus 
mixing  is  a  very  important  factor  in  the  attainment  of  good  combus- 
tion.   Mixing  is  discussed  in  more  detail  on  pages  129  to  132* 

COXBXrSTIOH  TESTS. 

OENBBAL  8TATBMBNT. 

The  investigation  of  the  combustion  in  the  space  of  a  furnace 
above  the  fuel  bed  was  carried  on  in  the  special  fumaoe  having  a 
horizontal  combustion  chamber  about  40  feet  long  and  of  nearly 
constant  cross  section.  The  furnace  was  fed  with  a  Murphy  stoker^ 
and  the  products  of  combustion  were  discharged  from  the  end  of  the 
combustion  chamber  under  a  Heine  boiler.  Air  was  supplied  under 
the  grate  and  over  the  fuel  bed  with  a  fan  blower.  An  exhaust  fan 
provided  sufficient  reduction  of  pressure  at  the  discharge  end  of  the 
furnace. 

The  data  obtained  in  these  experiments  are  based  mainly  on  series 
of  experiments  in  which  several  sets  of  gas  samples  were  simultane- 
ously coUected  from  the  combustion  space  at  intervals  of  about  5 
feet  along  the  path  of  the  gases.  Furnace  temperatures  were  also 
measured  at  the  places  where  the  gas  samples  were  collected.  Gas 
pressures  under  tiie  grate,  over  the  fuel  bed,  and  at  the  discharge 
end  of  the  furnace  were  determined  periodically.  The  coal  was 
weighed  as  it  was  supplied  to  the  furnace. 

BE8GBIPTIOK  OF  APPABATTTS. 

The  general  external  appearance  of  the  experimental  furnace  and  its 
connection  to  the  Heine  boiler  are  shown  in  Plate  I.  A  horizontal 
and  a  vertical  longitudinal  section  through  the  fumaoe  are  shown 
in  figure  2.    The  furnace  is  essentially  a  brick  tunnel  3  by  3  feet 
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in  cross  section  and  about  40  feet  long,  the  tunnel  forming  the  com- 
bustion chamber.  At  one  end  of  the  chamber  there  is  a  standard 
Murphy  stoker  having  25  square  feet  of  projected  grate  area.  The 
other  end  of  the  timnel  connects  with  the  combustion  chamber  of  a 
hand-fired  Heine  boiler,  the  connection  being  made  through  the  side 
wall  of  the  boiler  furnace. 

The  details  of  the  walls  and  the  roof  are  also  shown  in  figure  2. 
The  side  walls  consist  of  two  walls  separated  by  a  2-inch  air  space. 
The  inner  wall  is  built  of  fire  brick  and  is  9  inches  thick.  The  outer 
wall  is  of  common  red  brick  and  is  8  inches  thick.  The  roof  consists 
of  two  brick  arches  separated  by  a  1-inch  layer  of  asbestos  cement; 
the  inner  arch  is  of  fire  brick  and  is  8  inches  thick;  the  outer  arch, 
which  is  only  4  inches  thick,  is  built  of  pressed  rod  brick.  Figure  3 
shows  two  sections  through  the  stoker  and  illustrates  the  construction 
of  the  arch  over  the  stoker.  The  arch  contains  an  air  space  through 
which  air  is  delivered  to  the  tuyferes  supplying  air  over  the  fuel  bed. 

In  one  of  the  side  walls  are  a  number  of  observation  holes  for 
measuring  temperatures,  spaced  about  5  feet  apart  along  the  length 
of  the  furnace.  In  the  roof  three  holes  for  sampling  gases  were  placed 
opposite  each  hole  in  the  side  wall  for  temperature  measurements. 
The  position  of  the  holes  is  shown  in  Plate  I  and  figure  2. 

The  difference  of  pressures  necessary  to  move  the  gases  through  the 
furnace  was  obtained  by  an  exhaust  fan  and  two  pressure  fans. 
The  exhaust  fan,  which  was  driven  by  a  direct-connected  steam 
engine,  was  situated  at  the  uptake  of  the  Heine  boiler.  The  main 
object  of  connecting  the  experimental  furnace  to  the  boiler  was  to 
cool  the  products  of  combustion  so  they  could  be  handled  by  the 
exhaust  fan.  The  exhaust  fan  could  be  run  at  a  speed  high  enough 
to  maintain  a  pressure  in  the  uptake  of  1^  inches  of  water  below 
atmospheric  pressure.  The  pressure  fan  that  supplied  air  imder  the 
grate  was  direct-connected  to  a  steam  engine  and  could  maintain  a 
pressure  of  1  inch  of  water  in  the  ash  pit.  The  other  pressing  fan, 
which  helped  to  supply  air  over  the  fuel  bed  through  the  tuyeres, 
was  a  small  fan  directly  connected  to  a  J-horsepower  electric  motor. 

The  coal  was  delivered  from  a  bin  to  a  platform  built  in  front  of 
and  over  the  stoker,  where,  as  previously  stated,  it  was  weighed  as  it 
was  supplied  to  the  stoker  magazine. 

METHOD  OF  CONDXTCTIKa  EXPEBIMENTS. 

During  about  one-half  of  the  investigations  reported  in  this  bul- 
letin, the  experimental  furnace  was  operated  continuously  for  pro- 
ducing steam  for  the  power  plant.  When  not  so  used  fire  was  started 
in  it  one  day  before  running  a  test. 
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METHOD  OF   STARTING  AND   STOPPING  THE   TESTS. 

Each  test  was  started  at  about  10  to  11  o'clock  a.  m.  and  contin- 
ued until  3  to  4.30  o'clock  p.  m.  Before  the  test  was  started  the  fire 
was  cleaned  and  aU  refuse  removed  from  the  ash  pit.  The  test  was 
closed  with  the  same  amount  of  coal  in  the  magazines  as  there  was 
at  the  time  of  starting. 

CONDITIONS   DURING  THE  TESTS. 

During  the  test  the  rate  of  combustion,  the  thickness  of  fuel  bed, 
and  the  air  supply  were  kept  as  constant  as  practicable.  The  rate 
of  combustion  was  controlled  by  weighing  the  coal  as  it  was  supplied 
to  the  magazines  and  by  regulating  the  speed  of  the  engine  driving 
the  feeding  mechanism  of  the  stoker  and  the  speed  of  the  pressure 
fan  supplying  air  under  the  grate.  The  air  supply  was  controlled 
by  observing  closely  an  automatic  CO,  recorder.  Either  the  Bi- 
meter  CO2  recorder  or  the  Uehling  CO,  recorder*  was  used  for  this 
purpose.  The  first  few  tests  were  controlled  by  analyzing  samples  of 
gases  for  CO,  in  rapid  succession  with  an  Qrsat  apparatus.  The 
gas  samples  for  the  CO,  recorders  or  the  Orsat  apparatus  were  drawn 
at  section  G  (see  fiig .  2)  of  thje  combustion  chamber,  where  com- 
bustion was  practically  complete.  Gas  pressures  in  the  furnace 
were  controlled  by  regulating  the  speed  of  the  exhaust  fan.  The 
additional  air  over  the  fuel  bed  was  regulated  partly  by  the  small 
fan  supplying  air  to  the  tuyferes  and  partly  by  the  gas  pressure 
(draft)  over  the  fuel  bed.  When  more  air  was  needed  the  pressure 
drop  through  the  tuyeres  was  made  greater.  With  very  high  rates 
of  combustion  and  high  air  supply  not  enough  air  could  be  added 
over  the  fuel  bed  through  the  tuyferes.  In  such  instances  some  air 
was  admitted  over  the  fuel  bed  through  the  fire  door,  which  was  left 
partly  open,  and  through  the  coal-feeding  openings  by  keeping  the 
coal  somewhat  low  in  the  magazines.  The  admission  of  air  through 
the  fire  door  and  through  the  coal  magazines  was  imsatisfactory  and 
much  trouble  was  experienced  in  keeping  the  air  supply  constant. 
This  method  of  air  introduction  also  changed  to  some  extent  the  way 
of  mixing  the  gases,  which  change  resulted  in  some  inconsistencies  in 
the  results. 

WEIGHT   OF  ASH   AND  REFUSE. 

At  the  end  of  each  test  the  fire  was  cleaned,  the  clinker  and  the 
ash  accumulated  in  the  ash  pit  was  removed  and  weighed,  and  a 
sample  sent  to  the  chemical  laboratory  for  the  determination  of 
combustible.     In  determining  the  rate  of  combustion  the  amount  of 

a  Far  doacriptlon  of  COs  recorders,  soe  Barkley ,  J.  F.,  and  Flagg,  S.  B.,  Instminents  for  recording  carbon 
dioxide  In  flue  gases:  Bull.  91,  Bureau  of  Mines,  1915,  60  pp. 
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tliis  combustible  Wftd  dtibtracted  from  the  amount  of  combustible 
fired. 

SAMPLING  AKD  ANALYZING  FURNACE  GAS£S. 

As  the  study  of  the  process  of  combustion  was  based  entirely  on 

the  composition  of  the  gases  at  various  sections  along  the  path  of 

the  gases,  the  sampling  of  the  gases  was  the  most  important  part  of 

the  observations.    The  sampling  of  gases  in  the  furnace  is  a  diffi.- 

cult  problem,   because   the 

temperature  ranges  from 

2,000**  to  3,200*"  F.,  and  con- 
sequently the  samples  had  to 

be  collected  with  water-cooled 

tubes.    Also  the  fact  that  the 

gases  in  the  furnace  at  any 

one  section  are  not  of  uniform 

composition  necessitated 

taking    several    samples    at 

each  cross  section  and  averag- 
ing their  composition.    After 

a  number  of  preliminary  tests 

it  was  decided  to  take  6  to  9 

samples  at  each  section,  so 

that  35  to  50  samples  had  to 

be  collected  simultaneously. 

The    distribution    of    the 

samples  at  the  various  cross 

sections  is  shown  in  figures 

4,  5,  and  6. 
The  rate  of  combustion  and 

the  air  supply  was  never 
imder  perfect  control,  so  that 
the  composition  of  the  gases 
at  any  one  point  in  the 
furnace  varied  somewhat  in 
response  to  the  changing  con- 
dition of  the  fire.  To  reduce 
the  effect  of  such  fluctuations 
the  samples  were  collected  over  comparatively  short  periods,  ranging 
from  8  to  40  minutes,  and  never  over  the  entire  test.  On  some  of 
the  tests  dupUcate  samples  were  collected. 

The  gas  samples  were  collected  at  eight  cross  sections  of  the  com- 
bustion chamber,  which  were  designated  A  to  H  (see  fig.  2),  A  repre- 
senting the  first  vertical  section  about  5  feet  from  the  center  of  the 
grate.     On  the  last  series  of  tests  with  Pittsburgh  coal  screenings, 
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FiouBS  4.— Plan  view  ahowlog  posttion  of  gta  and  taraam- 
plere  at  surface  of  the  fael  bed  and  11  inches  above  It. 
Tar-and<gaB  samplers  are  Indicated  by  circies,  and  gas 
samplers  only  by  dots,  h,  H,  and  R  indicate  left,  mld- 
de,  and  right  sampler,  respectively.  A  indicates  section 
A  of  combustion  furnace. 
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FiauBK  5.— Position  of  tar  and  gas  samplers  at  section 
A  of  oombustlon  furnace.  L,  M,  and  R  Indicate  left, 
middle,  and  right  sampler,  respectively. 


samples  of  gas  were  also  collected  at  three  horizontal  sections  imme- 
diately over  the  grate,  one  being  at  the  surface  of  the  fuel  bed,  one 
11  inches  from  the  surface  of  the  fuel  bed,  and  the  third  22  inches 
from  the  surface  of  the  fuel  bed.    There  were  only  three  samplers 

22  inches  from  the  surface  of  the 
fuel  bed.  The  position  of  these 
sections  is  shown  in  figures  4 
and  7. 

The  sampling  tubes  were  in- 
serted through  the  vertical  holes 
in  the  arch  of  the  furnace.  Two 
or  three  tubes  were  mounted  in 
one  water  jacket,  the  intakes  of 
the  tubes  extending  to  different 
depths  in  the  furnace.  By  this 
construction  two  or  three  gas 
samples  could  be  taken  througji  each  hole  in  the  roof,  and  the  num- 
ber of  rubber-hose  connections  for  the  cooling  water  was  greatly 
reduced. 

OA8-8AMFLINa  TUBES. 

The  construction  of  a  triple  gas-sampling  tube  is  shown  in  figure  8. 
The  inlet  of  the  sampler  is  connected  with  a  half-inch  hose  to  a 
water  supply  having  a  pressure  of 
not  less  than  24  pounds  per  square 
inch.  The  discharge  end  of  the 
sampler  is  connected  in  a  similar 
way  to  a  drain.  Both  hose  con- 
nections are  of  sufficient  length 
to  permit  free  insertion  of  the 
sampler  into  the  furnace  or  its 
removal  while  the  water  circu- 
lates through  it.  Directions  for 
making  these  samplers  follow: 

All  joints  that  come  in  contact 
with  flames  are  brazed;  joints  that 

.    .  1        ^  xi^     £  FiauRR  6.'Po8itIon  of  gas  samplers  at  sectlom 

remam  outside  of  the  furnace  are  beyond  section  a  of  combusllon  furnace.  L,  M. 
soldered.      When     the    sampler    is    ««<*  ^  indicate  left,  middle,  and  right  sampler, 

being  brazed  or  soldered,  it  should  "^ 

be  held  in  such  a  position  that  the  molten  spelter  or  solder  runs 
into  the  joint;  this  is  important  if  good  joints  are  to  be  obtained. 
When  the  joints  to  be  brazed  are  being  fitted,  care  should  be  taken 
to  have  the  end  of  the  copper  tubing  extend  out  far  enough  so 
that  the  spelter  will  not  run  down  into  it.  After  the  joint  has  been 
brazed,  the  protruding  end  of  the  copper  tube  can  be  filed  off.    The 
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side  outlets  on  the  gas  tubes  are  first  fitted,  as  shown,  and  then 
soldered  by  placing  a  piece  of  solder  into  the  side  outlet  and  holding 
the  joints  over  a  gas-torch  flame,  so  that  the  molten  solder  runs 
all  around  the  joint.  The  hole  between  the  side  outlet  and  the 
gas  tube  is  drilled  after  the  joint  has  been  soldered.  The  gas 
sample  is  drawn  through  the  side  outlet;  the  opening  at  the  end 
of  the  gas  tube  is  closed  with  a  piece  of  rubber  tubing  and  a  glass 
plug,  and  is  used  only  for  cleaning  the  tube  when  stopped  with  soot* 


Gas  samplerB 


Airthim:^ 
tuyeres 


Airthitmgh 


Fruks  7.— Posidon  of  tar  and  gas  samplars  over  the  fuel  bed.  Circles  indicate  inlets  of  samplers.  The 
two  tide  rows  took  tar  and  soot  samples;  the  central  row,  gas  only.  Bntranoe  of  air  through  tuyeres 
and  the  whirling  motion  of  the  gases  that  is  caused  by  it  are  indicated. 

OAS-COLLBCTINO  APPARATrs. 

The  arrangement  of  the  apparatus  for  collecting  gas  samples  is 
shown  diagrammatically  in  figure  9.  The  apparatus  consists  mainly 
of  the  previously  described  water-cooled  sampling  tube,  a  glass  gas 
container,  a  wash  bottle,  and  a  suction  pipe  leading  to  a  steam 
ejector.    By  means  of  the  suction  pipe  one  steam  ejector  serves  to 
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collect  a  large  number  of  samples.  These  various  parts  of  the  appara- 
tus  are  comieeted  with  J-mch  lead  pipe,  tV"^^^^  copper  tubing,  and 
capillary  glass  tubing  with  rubber  tubing  for  joints.  The  operation 
of  the  apparatus  is  as  follows: 

The  steam  ejector  maintains  a  reduced  pressure  in  the  suction 
pipe,  thereby  causing  a  continuous  current  of  gas  to  flow  through 
the  apparatus  as  indicated  by  the  arrows  in  figure  9.  The  wash 
bottle  is  partly  filled  with  water.  The  copper  tubing  leading  to  the 
bottle  extends  below  the  surface  of  the  water  so  that  as  the  gas 
flows  through  the  system  the  flow  makes  itself  visible  by  the  gas 
bubbling  through  the  water.  Thus  the  apparatus  can  not  become 
clogged  without  the  operator  knowing  it.     For  a  better  control  of 
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FioUBB  8.— Water-cooled  gas  sampler  having  three  ga»sampUng  tubes  in  one  water  Jackst. 

the  flow  of  gas  the  suction  pipe  is  equipped  with  a  manometer. 
Usually  a  pressure  of  2  inches  of  mercury  less  than  the  atmospheric 
pressure  is  maintained  in  the  suction  pipe. 

Before  a  sample  is  collected  for  analysis  the  gas  container  is  filled 
completely  with  mercury.  When  connecting  the  container  to  the 
apparatus  the  air  from  the  capillary  tube  is  removed  by  applying 
strong  suction  at  joint  A  (see  fig.  9).  Then  the  rubber  joint  is  held 
tightly  closed  between  the  thumb  and  fingers  and  slipped  over  the 
top  end  of  the  container.  Gas  is  drawn  into  the  container  by  allowing 
the  mercury  to  run  out  through  the  lower  valve  into  a  glass  bottle. 
The  length  of  the  period  of  collecting  gas  depends  on  the  rate  at 
which  the  mercury  is  allowed  to  run  out  of  the  container.    This  rate 
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can  be  oontirolled  by  adjusting  the  lower  valye  or  by  attaching  to  it 
a  special  glass  tip  having  the  proper  size  of  opening,  which  is  deter* 
mined  by  trial.  The  inlet  of  the  gas  container  extends  within  about 
one-half  inch  of  the  bottom  so  that  as  long  as  the  inlet  remains  below 
the  surface  of  the  mercury  the  mercury  flows  out  under  constant 
bead,  being  replaced  with  gas  at  a  uniform  rate.  The  flow  of  mercury 
is  stopped  before  its  level  falls  below  the  inlet. 


aqiqidqqnH     g 
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The  gas  container  also  serves  as  a  safe  and  convenient  holder  for 
storing  the  samples.  The  mercury  forms  a  seal  between  the  gas  and 
the  stopcocks  as  long  as  its  level  does  not  fall  below  the  opening  of 
the  inlet.  The  seal  prevents  leakage  through  the  stopcocks.  All 
danger  of  leakage  into  the  container  is  entirely  eliminated  if  the  gas 
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sample  is  placed  under  slight  presstLie  by  forcing  in  some  mercury 
througli  the  gas  inlet  tube. 

For  convenience  and  safety  in  handling,  three  gas  containers  are 
mounted  together  in  one  portable  wooden  stand. 

APPARilTUS  FOB  COLLECTINO  SAMPLES  OF  SOOT  AND  TAB. 

In  the  last  series  of  tests  with  Pittsburgh  coal  screenings  a  number 
of  samples  of  soot  and  tar  were  collected  near  the  fuel  bed  with 
the  samples  of  gases.  Of  the  soot  and  tar  samples  six  were  collected 
at  the  surface  of  the  fuel  bed,  six  samples  1 1  inches  from  the  fuel  bed, 
and  six  at  section  A  (see  fig.  2)  of  the  combustion  chamber.  The 
location  of  the  soot  and  tar  samplers  is  shown  in  figures  4,  5,  and  7. 
The  samphng  tubes  used  for  this  purpose  were  somewhat  larger  than 
those  used  for  sampling  gas  alone.  The  inner  metal  tube  was  three- 
eighths  inch  in  external  diameter.  Into  this  tube  fitted  snugly  a  remov- 
able glass  tube  which  extended  to  within  three-fourths  of  an  inch  of 
the  furnace  end  of  the  metal  tube  and  protruded  about  2  inches  from 
the  outside  end,  forming  a  lining  which  could  be  pulled  out  and 
cleaned.  The  outside  end  of  the  glass  tube  was  coimected  to  a  filter 
consisting  of  a  glass  tube  12  inches  long  and  three-fourths  inch  in 
diameter,  filled  with  asbestos  fiber  which  had  been  previously  burned 
to  remove  all  combustible  material.  The  fiber  was  packed  around 
a  brass-wire  spring  to  prevent  its  being  drawn  by  the  moving  gases 
to  one  end  of  the  filter  tube  and  stopping  it.  No  fiber  was  placed  in 
the  long  glass  tube  forming  the  lining  for  the  sampling  tube.  The 
soot  and  tar  was  collected  partly  in  the  long  tube  and  partly  in  the 
filter.  In  order  to  obtain  quantitative  data  the  volume  of  gas 
drawn  through  the  sampler  and  the  filter  was  measured  with  small 
orifices  placed  in  the  pipe  connection  as  shown  in  figure  9.  The 
orifices  were  calibrated  with  a  small  experimental  gas  meter.  The 
pressure  drop  through  the  orifices  was  measured  with  U-tube  manom- 
eters connected  as  shown  in  the  figure.  The  soot  and  tar  samples 
were  collected  for  a  period  of  20  to  30  minutes;  the  pressure  drop 
through  the  orifices  was  read  every  five  minutes.  The  readmgs  were 
plotted  with  time  as  abscissa  and  the  weight  of  gas  was  computed  for 
small  sections  of  the  curve  connecting  the  plotting  points.  The 
weight  of  the  gases  as  thus  determined  is  probably  correct  within 
25  per  cent. 

After  a  sample  of  soot  and  tar  had  been  collected  the  long  glass 
tube  was  pulled  out  of  the  sampler,  and  the  deposit  carefully  washed 
out  with  benzol.  This  deposit,  together  with  that  collected  in  the 
filter,  was  taken  as  the  sample  of  tar  and  soot. 
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AMALT8IB  OF  OAB  BAMFLEB, 


Tlie  analyses  of  gas  samples  were  made  with  modified  Hempel 
apparatus.  Mercury  was  used  in  the  measuring  burette,  which  was 
water-jacketed  and  provided  with  a  Pettersson  pressure  and  tempera- 
ture compensating  tube.  Absorption  pipettes  of  the  Lindstrom  type, 
fitted  with  a  two-way  stopcock  and  small  cup  for  containing  water, 
were  used.  By  the  use  of  pipettes  of  this  type  the  error  due  to  the 
volume  of  gas  in  capillary  connections  is  eliminated. 

The  samples  of  gas  were  analyzed  for  CO,,  O,,  CO,  CH^,  H,,  and 
unsaturated  hydrocarbons.  Phosphorus  was  used  for  the  deter- 
mination of  O,.  00  was  determined  by  absorption  in  anunoniacal 
cuprous  chloride  solution;  three  pipettes  were  used  in  series,  care 
being  taken  that  the  third  one  always  contained  a  fresh  solution. 
The  determinations  of  CH4  and  H,  were  made  over  mercury  by  the 
slow  combustion  method  with  heated  platinum  coil.  The  content  of 
unsaturated  hydrocarbons  in  the  samples  collected  over  the  fuel  bed 
and  at  section  A  was  determined  by  the  method  of  absorption  in 
fuming  sulphuric  acid. 

During  the  early  part  of  this  work  a  special  burette,  designed  for 
exact  analysis  and  described  in  Technical  Paper  63,^  was  used  for 
the  determinations  of  CH4  and  H,.  Because  of  the  difficulties  of 
obtaining  samples  with  sufficient  accuracy  to  justify  exact  gas 
analysis,  the  use  of  this  burette  was  discontinued.  The  determination 
of  CO],  O,,  unsaturated  hydrocarbons,  and  small  quantities  of  CO 
is  within  plus  or  minus  0.1  per  cent  of  the  volume  of  the  sample. 
With  large  amoimts  of  CO  requiring  more  than  one  pipette  for 
absorption,  and  with  CH^  and  H„  the  error  may  reach  at  times  plus 
or  minus  0.2  per  cent. 


DBTSRiaNATION  OP  TAB  AND  SOOT. 


Tar  was  separated  from  soot  by  extraction  with  hot  benzol  in 
Soxhlet  extraction  apparatus.  The  soluble  part  was  considered  tar 
and  the  insoluble  combustible  part,  soot. 

The  tar  and  soot  deposited  in  the  glass  sampling  tube  and  filter 
were  removed  by  cleaning  thoroughly  with  asbestos  fiber  and  benzol. 
The  asbestos  fiber  from  the  filter  and  that  used  in  cleaning,  which 
together  contained  all  the  tar  and  soot,  were  placed  in  an  alundum 
thunble  and  extracted  on  a  sand  bath  until  the  benzol  was  colorless. 
The  tar,  contained  in  the  extraction  flask,  was  freed  from  benzol  by 
passing  dry  air  at  room  temperature  through  the  flask  until  the  loss 
was  less  than  1  milligram  on  successive  weighings  one-half  hour  apart. 
The  difference  between  the  weight  of  the  flask  with  tar  and  that  of  the 
dean,  dry  flask  is  the  weight  of  tar. 

•  CluMit,  J.  JL,  Fniar,  J.  C.  W.,  and  Augnstliie^  O.  E.,  Taoton  florwniiig  tli»  oombwtion  of  otMU  in 
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After  extraction  was  completed  the  alundum  thimble  containing 
the  soot  mixed  with  asheetos  fiber  was  dried  to  constant  wdght  at  1 05° 
to  110"  C,  and  the  soot  burned  off  in  a  muffle  furnace  at  red  heat. 
The  loss  in  weight  of  the  dried  thimble  due  to  burning  is  the  amount 
of  soot. 

The  method  doea  not  yield  strictly  accurate  results  for  two  reasons. 
First,  benzol  combines  to  some  extent  with  tar  yielding  insoluble 
compomids,  thereby  giving  low  results  for  tar  and  high  results  for 
soot."  The  error  from  this  source  is  not  over  5  per  cent  of  the  weight 
of  the  tar.  Second,  while  dry  air  is  being  passed  at  atmospheric 
temperature  through  the  flask  to  remove  benzol,  some  of  the  light  oils 
contained  in  the  tar  are  driven  off  with  the  benzol  and  lost.  The 
error  from  this  source  is  not  greater  than  2  per  cent. 

TEMPERATURE  MEASUREMENTS. 

Observations  of  the  temperature  within  the  combustion  chamber 
were  made  at  20-minute  intervals  in  all  the  testa.    The  temperatures 


of  tempnatuni  Id  oombustton  ti 


were  measured  with  a  Wanner  optical  pyrometer  through  the  side 
holes  at  sections  A  and  Q  (see  fig.  2)  of  the  furnace  and  in  many  tests 
also  at  C  and  E.  Oa  account  of  the  high  temperature  and  the 
presence  of  slag  in  the  gases  it  was  not  practicable  to  use  thermo- 
couples. 

The  temperature  indicated  by  the  optical  pyrometer  is  the  tempera- 
ture of  the  inner  surface  of  the  opposite  wall  when  there  is  no  flame. 
When  the  chamber  is  fiUed  with  flame,  the  pyrometer  measures  the 
tem[>erature  of  the  flame.  To  detennine  the  relation  between  the 
temperature  of  the  waU  as  indicated  by  the  optical  pyrometer  and 
the  temperature  indicated  by  a  thermocouple  suspended  in  the  path 
of  gases,  a  Hoskins  thermocouple  was  placed  at  section  G  with  its 
hot  junction  in  the  center  of  the  section,  and  simultaneous  readings 
were  made  with  the  couple  and  the  optical  pyrometer.  The  results 
are  given  in  figure  10.  As  shown  in  the  figure  the  two  methods  of 
temperature  measurements  agree  within  about  25°  C.  This  relation 
•  Wttm,  I.  H.,  FtM  CMbon;  Ita  mton  and  dctsmlmttini  In  tii  pi^uctK  Jcnr.  Ind.  lod  Kug-  Cbem., 
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was  detennlned  only  for  readings  that  were  taken  when  there  was  no 
flame  present  and  the  gases  were  transparent.  Usually  the  gases 
leaving  the  fuel  bed  carry  with  them  in  suspension  soot,  tar,  and  a 
small  amount  of  ash.  When  present  in  large  quantities  these  sub- 
stances form  an  opaque  cloud  of  flame  which  obscures  the  wall 
beyond,  and  as  the  individual  particles  are  incandescent,  it  is  the 
temperature  of  the  cloud  or  flame  that  is  measured  by  the  optical 
pyrometer  and  not  the  temperature  of  the  gases  or  of  the  wall.  As 
the  particles  of  soot  are  hot  from  their  own  combustion,  besides 
receiving  heat  from  the  surrounding  gases,  it  is  by  no  means  certain 
that  the  temperature  measured  by  the  optical  pyrometer  is  the  aver- 
age temperature  of  the  gases  and  flame  passing  through  the  conibus- 
tion  chamber. 

GAS-PBESSUBE  MEASUBEMENTS. 

Readings  of  gas  pressures  were  taken  at  20-minute  intervals  on 
all  the  tests.  The  pressures  recorded  were  those  in  the  ash  pit  and 
at  sections  A  and  G  of  the  furnace.  Ellison  inclined-tube  draft 
gages  were  used  for  this  purpose. 

COAIiS  irSBD  IN  THB  TBSTS. 

As  previously  stated,  three  lands  of  coal  were  used  in  the  tests, 
namely,  Pocahontas,  Pittsburgh,  and  Illinois  coal. 

The  Pocahontas  coal  used  was  from  the  Norfolk  mine  of  the  Poca- 
hontas Consolidated  Coal  Co.,  at  Vivian,  W.  Va.,  which  works  the 
Pocahontas  No.  3  bed.  The  average  analysis  of  two  car  loads  of 
the  coal  is  given  in  colunm  2,  Table  1  (p.  24).  The  coal  was  screened 
at  the  mine  by  passing  it  over  a  f-inch  and  through  a  l^-inch  bar 
screen.  In  the  necessary  handling  the  size  of  the  coal  was  somewhat 
reduced.  Actual  sizing  tests  with  wire  screens  showed  the  sizes 
given  in  colimm  2,  Table  2. 

The  Pittsburgh  coal  used  came  from  the  No.  4  mine  of  the  Jamison 
Coal  &  Coke  Co.,  situated  4  miles  north  of  Greensburg,  Westmore- 
land County,  Pa.  The  average  analysis  of  the  car  samples  is  given 
in  column  3,  Table  1.  The  coal  was  shipped  as  run-of-miue  and 
had  to  be  broken  to  the  desired  size  before  using.  Colunm  3,  Table  2, 
gives  the  percentage  of  the  different  sizes  of  the  coal  as  burned. 
The  sizes  were  determined  by  running  over  shaking  screens  samples 
of  coal  from  several  tests. 

The  Illinois  coal  came  from  bed  No.  6,  and  was  mined  in  the 
Vennilion  mine  of  the  Bunsen  Coal  Co.,  at  Georgetown,  VermiUon 
County.  The  analysis  of  the  coal  is  given  in  coliunn  4,  Table  1. 
The  coal  was  shipped  as  nm-of-mine  and  was  broken  with  a  hammer 
before  using  it.  The  sizes  of  the  coal  as  it  was  burned  are  given  in 
colunm  4,  Table  2. 
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In  the  last  series  of  23  tests,  Pittsburgh  coal  screenings  similar 
in  composition  to  the  Pittsburgh  rim-of-mine  coal  (column  3,  Table  1) 
were  used.  These  screenings,  used  as  regular  fuel  for  the  power 
plant  of  the  experiment  station,  varied  greatly  in  size,  the  largest 
pieces  being  about  2  inches  across.  On  the  average  about  one- 
third  of  the  coal  would  run  through  a  J-inch  screen.  This  series 
of  tests  was  undertaken  with  the  object  of  studying  the  combustion 
between  the  surface  of  the  fuel  bed  and  section  A  of  the  furnace. 
The  greater  part  of  the  combustible  rising  from  the  fuel  bed  is  burned 
in  this  space,  as  shown  in  figure  13. 

Table  1. — Analysis  of  coals  used  in  the  tests. 

PROXIMATE  ANAT.Y8I8  OF  COAL  AS  RECEI\'ED. 


• 

Constituent. 

Poca- 
hontas 
ooaL 

Pitta- 

bUTRh 

oobL 

niinob 
coal. 

Moisture « .  ■.  v . .  4.  > . . . . 

Der  cent 

2.21 

15.78 
n.65 
10.36 

2.51 
9a  28 

56.82 
10.39 

16.16 

VobtUemAtter 

Plxod  flurboD .  > I .. . . 

do 

do 

84.09 
39.19 

Ash,. .,,. 

do. . . . 

10.56 

100.00 

loaoo 

100.00 

ULTIMATE  ANALYSIS  OF  DRY  COAL. 


Hydrogen per  cent. 

Carbon do... 

Nitrogen do... 

Oxyeen do... 

Sulpnor do. . . 

Ash do. . . 


Cakrifio  value  per  pound,  as  received . 


.B.  t.  u. 


3.02 

80.90 

1.06 

2.97 

.66 

10.50 


100.00 


13,762 


4.82 
76.67 
L66 
4.99 
1.41 
10.66 


100.00 


13,365 


4.66 
69.63 
1.49 
0.tt 
3.08 
13.W 


100.00 


10,433 


Table  2. — Sizes  of  coal  as  burned. 
[Square  holes  in  screen.] 


Size  of  coal. 


Through  l-iach.  mesh 

Over  i-inch  and  through  1-inch  mesh. 
Over  f-inch  and  through  }-lnch  mesh . 
Over  l-inch  and  through  1-inch  mesh . 
Over  1-lnch  and  through  l^-inch  mesh 


Per  cent  by  weight. 


Poca- 
Iwntas. 


100 


Pitts- 
burgh. 


5 

10 

5 

8 

6 

14 

62 

23 

22 

45 

100 


Uliiiois. 


16 
12 
21 
27 
24 


100 


lETHOD   OF  SAMPLING. 


A  car  sample  was  taken  at  the  time  of  unloading  the  cars  and  sent 
to  the  chemical  laboratory  for  proximate  and  ultimate  analysis  and 
determination  of  heat  units.    During  each  test  a  sample  of  about 
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100  ponndB  was  collected  and  a  part  of  it  submitted  for  proximate 
analysis.  A  sample  of  ash  and  refuse  was  collected  at  the  close  of 
each  test  for  the  determination  of  the  percentage  of  combustible. 

BESTTLTS  OF  TEE  EXPEBIMEHTS. 

In  all^  100  tests  with  complete  sets  of  observations  were  made.  Of 
these,  23  tests  were  with  Pocahontas  run-of-mine  coal,  37  with  Pitts- 
burgh run-of-mine  coal;  17  with  Illinois  run-of-mine  coal,  and  23 
with  Pittsburgh  screenings.  With  each  coal,  tests  were  run  at  rates  of 
combustion  of  20, 30, 40,  50,  and  60  pounds  of  coal  per  square  foot  of 
grate  per  hour.  A  series  of  three  or  more  tests  was  run  with  each 
rate  of  combustion,  the  tests  in  any  one  of  these  series  being  run  with 
different  air  supply.  Thus  there  were  investigated  three  factors — the 
kind  of  coal,  the  rate  of  combustion,  and  the  air  supply. 

VABIATION  OF  OONDITIONS  DT7BIVO  TSSTS. 

Notwithstanding  the  provisions  made  in  designing  the  apparatus 
aad  the  care  taken  in  its  operation,  conditions  varied  considerably 
during  the  tests.  These  variations  are  shown  graphically  in  %ures 
11  and  12.  Perhaps  the  most  serious  variation  affecting  the  results 
of  the  tests  is  that  of  the  percentage  of  CO,  in  the  furnace  gases.  This 
variation  seems  inherent  with  the  stoker,  as  the  coal  on  the  upper 
part  of  the  stoka:  caked  instead  of  sliding  down  uniformly.  On 
account  of  this  caking,  bare  spots  frequently  appeared  below  the 
crusted  area;  the  crust  had  to  be  broken  and  the  holes  covered  with 
coal  brought  down  with  a  hand  tool.  These  holes  and  the  work  of 
covering  them  caused  irregular  air  supply  and  resulting  variation  of 
CO,  in  the  gases.  The  change  in  temperature  along  the  chamber  is 
due  to  heat  absorption  by  the  gas  samplers  and  other  causes  explained 
in  the  discussion  of  temperature  variation  in  pages  109  to  111. 

Experiments  made  on  a  large  scale  approximating  commercial  con- 
ditions are  subject  to  variations  that  do  not  occur  in  small  laboratory 
apparatus  in  which  the  conditions  of  operation  can  be  more  accu- 
rately controlled.  Tests  with  small  laboratory  apparatus  have  the 
drawback  that  one  is  never  sure  to  what  extent  the  results  obtained 
are  applicable  to  commercial  types  of  furnaces.  In  choosing  appara- 
tus for  experiment  one  has  the  alternative  of  equipment  of  nearly 
commercial  type  and  size  with  large  variation  of  operating  conditions, 
or  a  small  furnace  with  controllable  conditions  giving  accurate  results, 
which,  however,  may  not  be  applicable  to  furnaces  of  commercial 
size. 

TABTTLATED  BSSTTLTS. 

The  results  of  the  test  are  given  in  Table  3  and  are  arranged  as  f  ol- 
lows:  (1)  The  tests  are  grouped  according  to  the  kind  of  coal  used; 
(2)  tests  with  the  same  kind  of  coal  are  grouped  according  to  the  rate 
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of  combustioii ;  and  (3)  the  tests  with  nearly  the  same  rate  of  com- 
bustion are  arranged  according  to  the  air  supply. 

On  tests  104  to  113,  inclusive,  of  the  serie0  with  Pocahontas  coal, 
duplicate  sets  of  gas  samples  were  collected.    The  sets  are  denoted  as 


89300 


200 


53  ^  c^  CO 

TIME 

FiauBB  IL—Variation  of  oonditloDs  and  period  of  ■ampHT^  in  tggt  179. 

104-1,  104-2,  105-1, 105-2,  etc.  In  tests  with  the  Pittsburgh  screen- 
ings, 12  to  21  gas  samples  were  taken  at  sections  in  front  of  section  A 
of  the  combustion  chamber.  At  these  sections  and  at  section  A  were 
collected  also  18  soot  and  tar  samples. 

In  Table  3  the  tests  are  grouped  according  to  the  kind  of  coal  used 
in  the  tests.     Column  1  gives  the  serial  number  of  the  test  and 
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column  2  the  weight  of  coal  fired  per  aquare  foot  of  grate  per  hour. 
Tia  figures  given  in  this  column  were  obtained  bj  dividing  the  total 
veight  of  coal  by  the  length  of  teet  in  hours  given  in  coluDin  3,  and 
hy  25,  which  is  the  {^ojected  area  of  the  grate  in  square  feet. 

Cotumn  3  gives  the  time  of  starting  and  stopping  the  test,  from  which 
iDftj  be  obtained  the  total  length  of  test  in  hours.    This  includes  the 


entire  period  during  which  coal  was  weighed  and  burned  at  the 
beared  rate. 

Colomn  4  gives  the  length  of  the  part  of  the  test  used  for  obtaining 
'he  arerages  of  gas  pressures  and  temperatures.  This  period  started 
■>D  to  60  minutes  before  the  collection  of  gas  samples  was  b^un,  and 
ended  30  to  60  minutes  after  the  collection  of  gas  samples  was 
"'tnpletm!. 
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Column  5  gives  the  period  during  which  the  samples  of  gas  were 
collected.  The  three  different  periods  of  colomos  3,  4^  and  5  are 
indicated  in  figures  11  and  12. 

Column  6  shows  in  what  section  of  the  furnace  the  gas  samples  were 
coUected.  The  situation  of  the  sections  is  shown  in  figures  2,  4,  5,  6 
and  7.  In  the  series  of  tests  with  Pittshurgh  screenings  the  two  figures 
above  A,  column  6,  indicate  the  distance  in  inches  of  the  intake  of 
the  sampler  from  the  surface  of  the  fuel  bed.  Thus,  0  indicates  that 
the  sampler  was  just  at  the  surface  of  the  fuel  bed,  and  11  indicates 
that  the  sampler  was  1 1  inches  above  the  surface  of  the  fuel  bed. 

Columns  7  to  12  give  the  percentages  of  CO,,  unsaturated  hydro- 
carbons, 0,,  CO,  CH4,  and  H,  in  the  gases,  as  determined  by  analysis. 
The  figures  given  in  these  columns  are  the  averages  of  six  to  nine 
samples. 

Colunm  13  gives  the  percentage  of  N,  in  the  gases,  this  percentage 
being  determined  by  difference. 

Column  14  gives  the  percentage  of  total  gaseous  combustible  in  the 
furnace  gases.  The  value  in  this  column  is  equal  to  the  sum  of  the 
values  in  columns  8,  10,  11,  and  12. 

Columns  15  and  16  give  the  weights  of  tar  and  soot  in  grams  per 
cubic  foot  of  gas.  The  values  are  determined  from  the  soot  and  tar 
collected  in  the  sampling  tube  and  the  filter  and  from  the  measured 
volume  of  gas  drawn  through  the  sampler.  The  determination  is 
correct  within  about  25  per  cent. 

Colunm  17  shows  the  temperatures  at  sections  indicated  in  column 
6.  The  temperatures  were  determined  with  a  Wanner  optical 
pyrometer. 

Column  18  gives  the  weight  of  air  used  in  burning  1  pound  of 
combustible.  The  values  are  calculated  from  the  analyses  of  gases 
collected  at  section  G  or  H  of  the  furnace  and  from  the  composition 
of  the  combustible  in  the  coal.  The  weight  is  calculated  by  means  of 
the  formula: 

W=3.03  c(cOa-fCO+CH4/* 

W^poundB  of  air  mippUed  per  pound  of  combustible  burned. 

C= Weight  of  carbon  in  pounds  per  pound  of  moistiu^  and  ash  free  coal. 

N2,  GOs,  CO,  and  CH4Bpercentages  in  the  furnace  gases  at  section  G  or  H. 

The  amount  of  combustible  burned  is  equal  to  the  amount  fired 
minus  the  amount  of  combustible  in  the  refuse. 

Column  19  gives  the  excess  of  air  used  in  the  combustion^  expressed 
in  percentage  of  the  weight  of  air  theoretically  needed  to  completely 
bum  1  pound  of  combustible.  The  excess  is  equal  to  the  weight  of 
air  actually  supplied  to  the  furnace  minus  the  weight  theoretically 
needed.  The  excess  air  is  expressed  as  a  percentage  of  the  weight 
theoretically  required.    The  weight  of  air  theoretically  required  is 
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oomputed  by  means  of  the  formula^  A»=34.48H+11.68C+4.336 
(S-0),  in  whicdi  H,  C^  S^  and  O  are  the  percentages  of  hydrogen, 
carbon,  sali^nr,  and  oxyg&a  in  moisture  and  ash  free  coal.  The 
fonnula  is  not  exact,  because  (1)  it  rests  on  the  assumption  that  the 
composition  of  the  combustible  matter  in  the  refuse  is  the  same  as 
the  composition  of  the  moisture  and  ash  free  coal  fired;  (2)  no  cor- 
reetion  is  made  for  the  combustible  matter  that  may  be  carried  away 
with  the  furnace  gases  as  tar  and  soot;  and  (3)  no  correction  is  made 
for  ^  nitrogen  in  the  coaL  The  assumption  that  the  composition 
of  the  combustible  matter  in  the  refuse  is  the  same  as  the  composi- 
tion of  the  moisture  and  ash  free  coal  is  obviously  not  correct,  the 
combustible  in  the  refuse  being  largely  carbon  with  yery  little  Yola- 
tile  matter  in  it.  Oonsequently  the  weight  of  carbon  in  the  furnace 
gas  per  pound  of  combustible  burned  is  somewhat  less  than  the 
value  C,  which  is  obtained  from  the  ultimate  analysis  of  the  coal. 
The  error  from  this  assumption  regarding  the  combustible  matter 
in  the  refuse  is  probably  not  over  1  per  cent,  as  was  shown  in  Tech- 
nical Pap&r  63.» 

Column  20  gives  the  pressure  of  air  in  the  ash  pit  in  inches  of 
water  above  the  atmospheric  pressure.  Column  21  gives  the  pres- 
sure of  gases  over  the  fuel  bed  in  inches  of  water  below  the  atmos- 
pheric pressure.  The  values  in  these  columns  are  each  the  average 
of  a  number  of  readings  obtained  either  with  an  Ellison  inclined  tube 
draft  gage  or  with  a  recording  ''hydro''  gage. 

Column  22  gives  the  pressure  of  the  gases  at  section  H  in  the  com- 
bustion diamber  and  column  23  the  pressure  of  the  gases  in  the  up- 
take of  the  Heine  boiler.  The  values  given  in  these  columns  are 
each  the  average  of  a  number  of  readings  obtained  with  an  Ellison 
draft  gage.    The  table  follows. 

•GtaouDt,  J.  K.,  Fiasar,  J.  C.  W.,  and  Aognstlne,  C.  E.,  Factois  govenlng  tb»  oombustion  of  ooal  in 
bfiOvftnoMei^  a  pnttminaiy  raport:  Teoh.  Paper  03,  Buraui  of  Miiiio^  ldl4»  p.  30. 
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COMBTJSnOK  OF  COAL  AND  DESIGN  OF  FUIOrAOBS. 
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COMBUSTION   OF  COAL  AND  DESIGN   OF  FURNACES. 
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COMBUSTION  OF  COAJL  AND  DESIGN  OP  FXJKNACE8. 
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COMBUSTION   OF  GOAL  AND  DESIGN   OF  FUBNAGE8. 


DISCVSSIOV  OF  001D3VSTI0V  PBOGESS  IV  GOKBVSTIOV 

SPACE. 

The  combustion  process  in  the  combustion  space  above  and  beyond 
the  fuel  bed  is  well  illustrated  in  figure  13,  which  gives  the  percentage 
of  the  main  constituents  of  the  furnace  gases  at  various  sections  of 
the  long  combustion  chamber.  The  figure  represents  the  actual  con- 
ditions of  test  187.  The  ordinates  are  the  percentages  of  gases  by 
volume;  the  abscissa  has  two  scales — namely,  volume  of  combustion 


I   ^   .1 

E  F 


TCEIt 

GSection 


FiouBB  13.— ProgreM  of  compoBitioD  of  ftunaoe  gases  at  varioas  distances  above  the  fUel  bed.    Test  187, 
Pittsburgh  screenings;  rate  of  combustion,  35.6;  sampling  period,  20  minutes. 

space  in  cubic  feet  and  the  average  length  of  gas  travel  from  the 
surface  of  the  fuel  bed.  The  points  representing  the  composition  of 
gases  at  the  surface  of  the  fuel  bed  are  the  averages  of  seven  samples; 
at  1  foot  from  the  sxurface  of  fuel  bed,  eightaamples;  at  A,  six  samples; 
and  at  C,  E,  and  G,  nine  samples.  All  of  these  48  gas  samples  were 
taken  simultaneously  over  a  period  of  20  minutes.  The  rate  of  com- 
bustion was  35.6  pounds  of  coal  per  square  foot  of  grate  area.  The 
coal  used  was  Pittsbui^h  screenings.  The  curve  labeled  "total 
combustible"  represents  the  sum  of  combustible  gases  as  given  in 
Table  3,  colunm  14. 
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The  cuired  show  that  the  gases  leaving  the  fuel  bed  contain  over 
25  p^  cent  of  comb'ustible  gases,  about  one  per  cent  of  O,,  and  7  per 
ooit  of  CO,.  Before  these  gases  reached  section  A,  enough  air  was 
added  to  make  the  total  air  supply  exceed  the  amount  theoretically 
needed  by  19  per  cent.  Most  of  this  air  was  added  through  the 
tuyires  very  near  to  the  surface  of  the  fuel  bed,  and  in  a  way  that 
facilitated  its  mixing  with  the  combustible  gases  rising  from  the  fuel 
bed.  The  mixing  is  illustrated  in  figure  7.  The  progress  of  com- 
bustioa  is  indicated  by  the  drop  of  the  total  combustible  curve  and 
the  rise  of  the  CO,  curve.  The  change  in  the  composition  of  the  gases 
indicated  by  these  two  curves  show  that  the  combustion  is  most 
rapid  within  a  foot  from  the  surface  of  the  fuel  bed;  as  the  gases 
pass  farther  away  from  the  fuel  bed  the  rapidity  of  combustion 
decreases.  At  a  distance  of  13}  feet  from  the  grate  there  is  very 
litde  combustible  gas  left,  showing  that  combustion  is  practically 
complete. 

Tbe  length  or  the  volume  of  the  combustion  space  required  for 
practically  complete  combustion  seems  to  depend  chiefly  on  the 
percentage  of  excess  air,  the  rate  of  combustion,  and  the  kind  of  coal. 
It  is  mainly  these  three  factors  that  have  been  investigated  in  the 
series  of  tests  reported  in  this  bulletin. 

The  effect  of  these  three  factors  on  the  length  or  volume  of  the 
combustion  space  required  for  practically  complete  combustion  is 
shown  in  a  general  way  in  figures  14  to  18,  inclusive.  These 
figm^  are  compiled  from  the  100  tests  shown  in  Table  3.  The  curves 
Wffl^  plotted  with  the  percentage  of  gaseous  combustible  in  furnace 
gases  as  ordinates  and  the  length  and  volume  of  combustion  space  as 
abscissas.  In  these  figures  and  those  that  follow  the  length  of  the 
combustion  space  in  feet  is  shown  at  the  bottom  of  the  figure,  as  are 
the  corresponding  volumes  in  cubic  feet.  Near  the  fuel  bed  the  vol- 
mne  is  much  lai^er  per  foot  of  length  of  gas  travel  than  it  is  in  the 
miiform  cross  section  of  the  combustion  chamber. 

The  tests  are  grouped  according  to  the  kind  of  coal,  and  according 
to  the  rate  of  combustion.  Within  each  group  having  the  same  rate 
of  combustion,  individual  tests  were  made  with  different  percentages 
of  excess  air.  To  prevent  the  diagrams  from  being  crowded,  only 
the  curves  giving  the  total  combustible  gases  were  plotted,  those 
showing  00,  and  O,  being  omitted,  and  when  more  than  one  test 
was  run  with  nearly  the  same  excess  of  air,  a  curve  giving  the  average 
of  these  tests  has  been  plotted  instead  of  each  test  being  plotted 
separately.  The  general  shape  of  the  curves  is  the  same  as  that  of 
tiie  combustible  curve  shown  in  figure  13.  The  rapidity  of  combus- 
tion is  highest  near  the  fuel  bed,  and  decreases  as  the  gases  flow 
farther  away. 
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Comparison  of  tho  different  curves  showing  the  same  rate  of  coitl* 
bnstion  indicate  that  when  the  air  excess  is  large  the  proportion  of 
combustible  gases  is  less  at  any  given  cross  section  of  the  furnace. 
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FiGUBE  14.— Relation  between  the  percentage  of  gaseous  combustible  in  furnace  gases  and  the  length  and 
Yolame  of  oombustian  space,  as  shown  by  tests  made  with  Pittsburgh  screenJngsat  rates  of  combustion 
of  ajyproximately  20,  30,  and  40  pounds. 

and  the  combustion  is  practically  complete  in  a  smaller  combustion 
space  than  when  the  excess  of  air  is  small.  Some  of  the  curves  and 
individual  points  fall  out  of  place.  The  three  main  causes  of 
these  irregularities  are  (a)  lack  of  constancy  in  mixing  of  the  com- 
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bustible  rising  from  the  fuel  bed  with  the  air  supplied  over  the  fire; 
(})  the  difficulty  of  obtaining  a  fair  average  sample;  and  (c)  the  fact 
that  the  rate  of  combustion  during  the  short  sampling  period  may 
not  have  been  the  same  as  the  average  rate  of  the  whole  test.  These 
three  factors  are  discussed  below. 

Under  normal  conditions  the  air  supplied  over  the  fuel  bed  is 
introduced  through  the  tuyeres  as  a  large  niunber  of  small  jets. 


I  40  Distance,  feet 
298    Votume.  cu.ft 
H      Section 

FiGDBB  IS.-— Belatloii  between  the  percentage  of  gaseooa  oombiutlUe  in  furnace  gases  and  the  length  and 
Toiome  of  oombostkni  spaoe,  as  shown  by  tests  made  with  Pittsburgh  screenings  at  rates  of  combustion 
of  approxiaiately  50  and  60  pounds. 

This  method  of  introducing  the  air  produces  relatively  good  mixing. 
When,  however,  all  the  air  can  not  be  supplied  through  the  tuyferes 
and  part  of  it  must  be  introduced  either  through  the  firing  door  or 
through  the  coal  magazines,  the  air  thus  admitted  enters  in  large 
streams  and  does  not  mix  readily  with  the  combustible;  the  gases 
tend  to  remain  stratified  and  in  spite  of  the  laige  excess  of  air  the 
combustion  does  not  proceed  much  faster  than  when  the  air  is  in* 
troduced  only  through  the  tuydres. 

»10e2*— 17— BuU.  136 5 
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40  Diatanee.  faet 
298     VohnDe^oLft. 
H 

FIOUBX  le.— BeUtloD  between  the  peroeutage  of  gaseous  oombustible  In  mniaoe  gases  and  the  length  and 
vc^ime  of  combastion  space,  as  shown  by  tests  made  with  Pocahontas  ooal  at  lates  of  oomboatlon  ol 
approximately  20, 30, 40, 50,  and  60  pounds. 
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I  40  Distance,  f^ 
296  ^Volume,  cu.  ft 
M     Section 

?1G0U  17.— R«btloo  between  tbe  percentage  of  gaeeoiu  combostlble  In  fdmaoe  gases  and  the  length  and 
▼Qiame  of  combustion  space,  as  shown  by  tests  made  with  Pittsburgh  run-of-mlne  coal  at  rates  of  oom- 
bastion  of  approzfanately  20, 80,  40, 50  and  60  pounds. 
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Obtaining  a  fair  average  sample  of  furnace  gases  from  the  space 
over  the  fuel  bed,  where  the  gases  are  greatly  stratified,  is  particu- 
larly difficult.  This  difficulty  can  be  better  appreciated  by  examin- 
ing figure  7  (p.  17)  which  shows  the  streams  of  gases  and  the  position 
of  gas  samplers  over  the  fuel  bed.  The  upper  holes  of  the  two  side 
rows  of  gas  samplers  are  in  the  path  of  the  air  coming  in  through 
the  tuydres.    As  a  result  of  this  position  the  average  of  the  gas  samples 
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FiGUBB  18.— Relation  between  the  peroentage  of  gaseous  combustible  in  ftimaoe  gases  and  the  length  and 
volume  of  combustion  space,  as  shown  by  tests  made  with  Illinois  coal  at  rates  of  combustion  of  a:>- 
prozlniAtely  30, 30, 40, 60,  and  60  pounds. 

collected  1  foot  from  the  surface  of  the  fuel  bed  is  too  high  in  free 
oxygen  and  too  low  in  total  combustible  content.  This  statement 
is  confirmed  by  the  results  shown  in  figures  14  to  18,  inclusive;  the 
points  giving  the  percentage  of  combustible  1  foot  above  the  fuel 
bed  appear  to  be  all  too  low,  in  fact  some  of  them  are  considerably 
lower  than  the  points  representing  samples  taken  at  section  A.  In 
drawing  the  curves  the  points  representing  samples  taken  1  foot 
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from  the  fuel  bed  and  those  for  samples  at  section  A  have  been 
given  equal  weight  and  the  line  passes  about  midway  between  the 
two  points.  Perhaps  the  curves  should  have  been  passed  nearer  to 
the  points  representing  samples  from  section  A. 

Although  the  coal  was  fed  to  the  magazines  at  a  uniform  rate 
throughout  the  entire  length  of  a  test,  the  rate  of  combustion  dur- 
ing the  sampling  pmod  may  have  been  either  lower  or  higher  than 
that  shown  by  the  average  for  the  test.  Variation  in  the  rate  of 
combustion  is  apt  to  occur  even  with  the  most  careful  control  of  the 
fire.  All  the  fom*  coals  tested  tended  to  cake  and  to  accumulate  on 
the  portion  of  the  grate  near  the  magazines,  while  farther  away 
wide  cracks  formed  in  the  fuel  bed  and  bare  spots  on  the  grate. 
Consequently  the  caked  coal  had  to  be  frequently  pulled  down  over 
the  cracks  and  bare  spots  by  the  furnace  attendant.  Under  such 
conditions  it  is  possible  for  the  instantaneous  rate  of  combustion  to 
yaiy  25  per  cent  below  or  above  the  average  rate  for  the  entire  test. 

Comparison  of  the  different  groups  of  curves  in  figures  14  to  18^ 
inclusive,  show  that  with  higher  rates  of  firing  more  combustion  space 
is  needed  to  obtain  nearly  complete  combustion  than  when  the  rate 
of  firing  is  low.  These  figures  show  this  relation  only  in  a  gen«*al 
way,  because  the  tests  with  different  rates  of  firing  were  not  run 
with  absolutely  the  same  excess  of  air.  The  air  supply  was  the 
most  difficult  factor  to  control.  In  plotting  figures  28  to  30  (pages 
73  to  75),  some  points  were  interpolated  in  order  to  reduce  the 
effect  of  variation  in  air  supply. 

TJHDSVBLOPED  HEAT  OF  FURNACE  GASES  ALONG  THEIB  PATH 

OF  TRAVEL. 

The  curves  of  figures  14  to  18,  inclusive,  are  somewhat  misleading. 
Thd  low  percentage  of  combustible  in  the  furnace  gases  when  the 
excess  of  air  is  large  is  not  entirely  a  result  of  improved  combus- 
tiou,  but  to  some  extent  is  due  to  the  dilution  of  the  gases  with  air. 
It  is  evident  that  with  a  large  excess  of  air,  the  percentage  of  com- 
bustible gases  is  less,  even  if  there  be  no  improvement  in  the  com- 
bustion. Therefore,  when  the  air  supply  is  varied  the  percentage  of 
combustible  gases  does  not  reUably  indicate  the  completeness  of  com- 
bustion. To  eliminate  the  effect  of  this  dilution  with  air,  the  content 
of  gaseous  combustible  was  expressed  as  a  percentage  of  the  calorific 
value  of  the  coal;  that  is,  the  amoimt  of  imbumed  combustible  gases 
represents  so  many  per  cent  of  the  total  heat  value  of  the  coal.  In 
making  this  change  each  constituent  of  the  combustible  gases  was 
given  its  heat  value.  The  unsaturated  hydrocarbons  were  consid- 
ered as  CjH^.  The  following  is  the  general  formula  used  in  the 
calculation: 

V  12(C02+CO-f  CH4-f  2C2H4)Xheat  of  moisture  and  ash  free  coal    /^ 

per  cent  of  carbon  in  moisture  and  ash  free  coal. 
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In  the  formula  H  is  the  undeveloped  heat  of  the  combustible  gases 
in  the  furnace,  expressed  as  a  percentage  of  the  total  heat  value 
(B,  t.  u.  per  pound)  in  the  coal,  and  COj,  CO,  CH^,  H,,  and  CjHi  are 
the  percentages  of  the  respective  gases  as  determined  by  volumetric 
analysis.  With  Pittsburgh  coal  this  formula  reduces  to  the  follow- 
ing simpler  form: 

^   58CO+179CH4-f59H2-f285CaH4 
^■"        C02-f-CO+CH4-h2CA 

The  heat  values  thus  obtained  are  only  approximate,  because  the 
equation  does  not  take  into  accotmt  the  carbon  rising  from  the  fuel 
bed  in  the  form  of  soot  and  tar,  but  are  within  a  few  per  cent  of  the 
correct  value.  The  maximum  error  is  probably  not  oyer  6  per  cent. 
To  get  the  correct  value  for  the  imdevoloped  heat,  both  the  niuner- 
ator  and  the  denominator  of  the  equation  should  contain  the  soot 
and  tar  terms.  To  incorporate  these  two  terms  in  the  equation 
would  be  difficult,  because  the  exact  composition  of  the  tar  and  the 
soot  and  their  heating  values  are  not  known.  Furthermore,  both  the 
gases  and  the  tar  and  soot  would  have  to  be  reduced  to  a  conunon 
basis  of  percentage  by  weight,  and  it  is  difficult  to  obtain  the  soot 
and  tar  sample  accurately.  As  the  equation  stands  H  is  too  high 
and  approaches  the  correct  value  as  the  tar  and  soot  disappear  from 
the  furnace  gases. 

The  values  of  H  determined  by  the  equation  were  plotted  as  ordi- 
nates  with  the  length  and  volume  of  combustion  space  as  abscissas. 
The  results  so  plotted  are  given  in  figures  19  to  23,  inclusive,  the  teats 
being  arranged  in  groups  similar  to  those  in  figures  14  to  18.  Each 
group  contains  the  results  of  tests  with  the  same  coal  at  the  same 
rate  of  combustion,  but  different  amounts  of  excess  air.  To  avoid 
crowding  in  the  illustrations,  when  there  is  more  than  one  test  with 
the  same  excess  of  air,  the  averages  of  these  tests  are  plotted  instead 
of  each  test  being  plotted  separately.  The  test  number  and  the  per- 
centage of  excess  of  air  are  shown  within  the  small  circles  attached 
to  each  curve. 

The  curves  are  similar  in  shape  to  those  in  figures  14  to  18,  which 
are  plotted  on  the  percentage  of  combustible  gas  as  ordinates,  with 
the  exception  that  the  rise  on  the  left  is  steeper.  As  mentioned  in 
previous  paragiaphs  the  points  at  the  left  are  too  high  on  account 
of  the  large  amount  of  tar  and  soot  carried  by  the  gases  near  the  sur- 
face of  the  fuel  bed. 

It  is  interesting  to  note  that  at  the  surface  of  the  fuel  bed  the 
combustible  gases  represent  35  to  65  per  cent  of  the  total  heat  value 
of  the  coal.  This  means  that  under  ordinary  operation  of  the  side- 
feed  furnace  about  one  half  of  the  total  heat  in  the  coal  is  developed 
in  the  fuel  bed,  the  other  half  being  developed  in  the  combustion 
space.    Among  other  factors,  it  depends  upon  the  size  of  the  com- 
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bustion  space  how  much  of  the  50  per  cent  of  heat  left  in  the  com- 
bustible rising  from  the  luel  bed  is  developed.  The  curves  of  figures 
19  to  23  show  this  relation  of  completeness  of  combustion  to  the 
length  and  volume  of  the  combustion  space,  and  a]so  the  effect  of 
the  excess  of  air  and  the  rate  of  firing  on  the  completeness  of  combus- 
tion at  the  various  sections  of  the  combustion  space. 
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FiQURE  20.— Relation  between  the  completeness  of  oombostloin  and  the  length  and  volume  of  combus- 
tion space,  as  shown  by  tests  made  with  Pittsburgh  screenings  at  rates  of  combustion  of  approxi- 
mately 50  and  60  pounds. 

In  general,  the  curves  of  figures  19  to  23  show  that  when  the  excess 
of  air  is  increased  the  combustion  requires  less  space  to  become 
nearly  complete.  A  few  tests  do  not  seem  to  conform  to  this  princi- 
ple, and  their  curves  fall  out  of  place.  There  may  be  several  reasons 
for  this  discrepancy,  the  three  principal  ones  being  those  already 
stated  on  pages  56  and  57  in  connection  with  figures  14  to  18. 


COMBUSTION  PROCESS  IN  COMBUSTION  SPACE. 


65 


40  Diatanoe^  f wt 
VoiniiM^ciLft 
Sectkn 

^vnmm  21.— Rdatian  betwwn  the  oompleteiiess  of  oombustioo  and  the  length  and  vdume  of  oombos- 
tidi  space,  as  shown  b7  tests  made  with  Pocahcmtas  nm-of-mlne  coal  at  rates  of  oombustlan  of  ap- 
proximately 20,  ?0, 40, 50,  and  60  pounds. 
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FiouBX  22.— BelatloD  between  the  oompleteness  of  oombastloo  and  the  length  and  volume  of 
tlon  space,  as  shown  by  tests  made  with  Pittsburgh  run-of-mine  oool  at  rates  of  combustion  of 
mately  20, 30, 40, 50,  and  60  pounds. 
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^uiUBBa.— BelatiOD  between  the  oompIeteneBs  of  oombiution  and  the  length  and  volume  of  oombue- 
Uoa  space,  as  shown  by  tests  made  with  Illinois  run-of-mine  coal  at  rates  of  combustion  of  approxi- 
BMtety  20, 30, 40, 50,  and  60  pounds. 
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EFFECT  OF  THE  PBBCENTAOE  OF  EXCESS  AIB  AND  THE  BATE  OF 
FXEINO  ON  COHPLETENESS  OF  COMBTT8TIDK. 

The  effect  of  the  percentage  of  excess  air  on  the  completeness  of 
combustion  is  shown  better  in  figures  24  to  27.  In  these  figures  the 
imdeveloped  heat  represented  by  the  combustible  gases  at  each  cross 
section  is  plotted  as  ordinatea  with  the  percentage  of  excess  of  air 
as  abscissas.  Each  figure  represents  one  coal,  and  each  group  of 
points  one  section  of  the  combustion  chamber.  The  rate  of  com- 
bustion is  indicated  by  the  size  or  shape  of  the  plotting  points.  The 
curves  thus  obtained  show  that  at  any  of  the  cross  sections  beyond 
section  A  the  percentage  of  the  undeveloped  heat  increases  as  the 
excess  of  air  becomes  smaller.  Thisi  relation  is  rather  definite, 
although  there  are  not  enough  tests  with  each  rate  of  combustion  to 
give  a  smooth  individual  curve.  However,  the  points  representing 
tests  with  rates  of  combustion  of  40,  50,  and  60  pounds  invariably  fall 
higher  than  the  points  representing  rates  of  20  and  30  pounds.  Thus 
by  dividing  each  series  of  testa  into  two  groups,  one  including  all 
tests  with  rates  of  40,  50,  and  60,  and  the  other  with  rates  of  20  and 
30  pounds,  a  sufiicient  number  ot  tests  is  obtained  to  draw  two 
smooth  curves,  one  representing  approximately  a  rate  of  50  and  the 
other  a  rate  of  25  pounds.  In  the  series  of  tests  with  the  Pittsburgh 
screenings  even  this  grouping  does  not  give  enough  points  for  the 
drawing  of  two  reUable  curves. 

From  the  ciUTes  of  figures  24  to  27,  four  sets  of  curves  were  obtained, 
showing  the  completeness  of  combustion  along  the  path  of  gases,  for 
the  two  average  rates  of  firing  and  the  four  constant  excesses  of  air. 
Figure  28  shows  a  set  of  these  curves  representing  the  series  of  tests 
with  the  Pittsburgh  nm-of-mine  coal.  The  points  used  for  obtaining 
these  curves  are  the  intersection  points  of  the  vertical  lines  repre- 
senting constant  amounts  of  excess  air  with  the  curves  of  the  two 
average  rates  of  combustion  in  figures  24  to  27.  The  curves  them- 
selves have  little  significance,  hence  only  one  set  is  presented,  and 
were  prepared  only  for  compiling  the  more  significant  curves  shown 
in  figures  29  and  30. 

SIZE  OF  COMBUSTION  SPACE  BEQITrBED  FOB  ANY  DESIBBD  COM- 
PLETENESS OF  COMBUSTION,  BATE  OF  FTaiNO,  AND  EXCESS  OF 


The  relation  between  the  required  size  of  combustion  space  and 
any  given  rate  of  firing,  excess  of  air  and  the  completeness  of  com- 
bustion is  given  in  figures  29  and  30.  Each  of  these  figures  gives 
this  relation  for  two  of  the  four  coals  tested.  The  curves  to  the 
left  of  the  heavy  vertical  line  dividing  the  figure  into  two  equal  parts 
represent  Illinois  coal  and  those  on  the  right,  Pocahontas  coal. 
Each  half  of  the  figure  shows  seven  groups  of  curves,  each  group 
representing  one  degree  of  completeness  of  combustion,  and  each 
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curve  in  any  one  group  one  percentage  of  excess  of  air.    In  reality 
each  group  is  a  complete  figure  in  itself,  having  for  ordinates  rates 
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96 

EXCESS  AIR,  PER  CENT 

AGcn  M.— EffBct  of  tbo  ptrcentaee  of  ezoess  air  on  the  completeness  of  oombustion  at  various  cross 
•Bcdooe  oC  the  long  oombostlon  chamber,  as  ahown  by  tests  made  with  Pittsburgh  soreenlngs.  The 
dilbnDtnlas  oCoombatkn  are  indicated  by  the  siie  and  shape  of  the  points. 

of  firing  ranging  from  20  to  60  pounds,  and  for  abscissa  the  size  of 
eombostion  space,  the  latter  being  given  in  four  scales  at  the  foot 
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of  the  figure.  Reading  from  top  to  bottom,  the  first  scale  gives  the 
combustion  space  in  cubic  feet;  the  second  scale  gives  the  ratio 
of  the  combustion  space  to  the  area  of  grate,  or  the  number  of  cubic 
feet  of  combustion  space  to  each  square  foot  of  grate  area;  the 
third  gives  the  average  length  of  the  path  of  gas  travel;  and  the  fourth 


96      112     128      144     160      176 
EXCESS  Ani»  PER  CENT 

FiouBi  25.— Effect  of  the  peroontageof  ezooss  air  on  tbe  completeaess  of  combustion  at  Tarloos  crass 
sections  of  the  long  combnstiosi  chamber,  as  shown  by  tests  made  with  Pooahontas  coal.  The  different 
rates  of  combiistlon  are  indicated  by  the  size  and  shape  of  the  points. 

gives  the  sections  at  which  gas  samples  in  the  long  combustion 
chamber  were  collected. 

The  curves  are  drawn  as  a  straight  line  for  the  reason  that  only 
two  points  were  determined  for  each  curve,  the  two  points  being 
obtained  by  averaging  and  partly  by  int^polation.    The  curves 
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are  approximate  within  perhaps  10  to  20  per  cent.    If  it  were  possible 
to  determine  more  than  two  points  accurately  the  curve  would  very 
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n6uu28u— Efiect  of  the  percentage  of  excess  air  on  tbe  corapleteness  of  combafftlcii  at  Tailoas  oroas 
•Mttau  of  the  long  combostion  chamber,  as  shown  by  tests  made  with  Pittsburgh  nm-of-mine  ooel. 
I>iilB«Dt  rates  of  oombnstlosi  are  indicated  by  differently  shaped  points. 

likely  approximate  the  shape  of  the  letter  S,  similar  to  that  shown 
by  the  dotted  curves  in  die  middle  of  figure  29.    It  is  beUeved, 
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EXCESS  AIR,  F^  GENT 

FiovsB  37.— Effect  of  tbe  percentage  of  excess  air  on  the  completeneas  of  combustian  at  variooe  croes  aeo 
Uooa  of  the  Umg  combustfcn  chamber,  as  shown  by  tests  made  with  Illinois  coal.  Difleient  ntoe  o( 
oombustiOQ  are  indicated  by  differently  shaped  points. 
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FiouitE  29.— Results  of  tests  with  Illinois  and  Pocahontas  coal  showing  relation  between  the  required  >^  ^ 
combustion  space,  a  given  completeness  of  combustion,  the  rate  of  firing,  and  the  percentage  of  ezoes  air- 
Curves  on  the  left  are  for  Illinois  coal;  those  on  the  right  for  Pocahontas  ooal.  Figure  on  each  corv® 
indicates  percentage  of  excess  air;  figures  at  left  margin  opposite  each  group  of  cmves  Indicates  percentage 
of  undeveloped  heat  and  rate  of  combustion.  Figures  at  the  bottom  indicate  volome  of  oombustiaa8pao0> 
ratio  of  volume  of  combustion  space  to  grate  area,  length  of  path  of  gas  travel,  and  sactioos  9X  which 
gas  samples  were  collected  in  c(»nbastion  chambec. 
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I%UBi  30.— Bcsolts  of  tests  with  Pittsborgfa  nm-of-mine  and  Pittsburgh  screenings  showing  relation 
^)^een  the  required  size  of  combustion  space,  a  given  completeness  of  combustion,  the  rate  of  firing, 
sod  the  percentage  <rf  excess  air.  Carves  on  the  left  are  for  run-of-mine  coal ;  those  on  the  right ,  for  screen- 
iogs.  Figure  on  each  curve  indioates  percentage  of  excess  air.  Figures  at  left  margin  opposite  each 
srtup  of  carves  indicate  percentage  of  undeveloped  heat  and  rate  of  combustion.  Figures  at  the 
^lottom  indicate  vohime  of  oombustlon  space,  ratio  of  volume  of  combustion  si>ace  to  grate  area,  length 
of  path  of  gas  travel,  and  sections  at  which  gas  samples  were  collected  in  combustion  chamber. 
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however,  that  between  the  two  points  the  curves  are  very  nearly 
a  straight  line,  and  inasmuch  as  the  two  points  cover  the  rates  of 
combustion  used  in  small  and  lai^e  power  stations,  the  curves  have 
considerable  practical  value  in  furnace  design  for  the  determination 
of  the  size  of  combustion  space  when  other  conditions  are  given. 
The  curves  for  the  first  three  coals  are  more  accurate  than  those 
obtained  with  the  Pittsburgh  screenings,  because  with  the  latter  not 
enough  tests  have  been  made  to  insure  reliable  average  points. 
It  is  well  to  state  that  the  series  of  tests  with  the  Pittsburgh  screen- 
ings was  run  mainly  with  the  object  of  studying  the  combustion 
inmiediately  over  the  fuel  bed,  and  therefore  efforts  were  made  to 
obtain  data  for  that  purpose. 

PRACTICAL  APPLICATION   OF  BESULTS. 

The  curves  of  figures  29  and  30  can  be  used  for  detennining  the 
size  of  the  combustion  space  required  for  given  conditions,  in  the  fol- 
lowing manner: 

Suppose  that  it  is  desired  to  design  a  furnace  that  will  bum  Illinois 
coal  at  the  rate  of  40  poxmds  per  square  foot  of  grate  per  hour  with  50 
per  cent  excess  of  air  and  with  an  incomplete  combiistion  of  only 
2  per  cent  of  the  heat  in  the  coal  as  fired.  For  the  solution  of  this 
problem  the  left  half  of  figure  29  can  be  used  and  the  group  of  curves 
designated  by  2  per  cent  (undeveloped  heat)  at  the  left  margin. 
From  the  intersection  point  of  the  horizontal  line  of  40  poxmds  of 
rate  of  combustion  with  the  curve  of  50  per  cent  excess  of  air,  a  ver- 
tical line  is  followed  to  the  bottom  of  the  figure,  where  in  the  second 
scale  the  size  of  the  combustion  space  is  found  to  be  5.8  cubic  feet 
to  every  square  foot  of  grate.  The  third  scale  indicates  that  the 
length  of  gas  travel  for  this  condition  should  be  about  18  feet.  The 
first  scale  at  the  bottom  indicates  that  with  the  experimental  furnace 
about  145  cubic  feet  of  combustion  space  was  needed  to  satisfy  the 
given  condition,  the  space  extending  to  within  one  foot  of  section  D, 
as  indicated  by  the  lowest  scale. 

If  Pocohontas  coal  is  to  be  burned  under  the  same  condition,  the 
required  size  of  the  combustion  space  is  obtained  from  the  group  of 
curves,  designated  by  2  per  cent  (undeveloped  heat),  in  the  right 
half  of  the  same  figure.  From  the  intersection  point  of  the  horizontal 
line  of  rate  of  combustion  of  40  pounds  with  the  curve  of  50  per  cent 
of  excess  of  air  the  vertical  line  is  followed  to  the  bottotia  of  the  figure, 
where  the  second  scale  indicates  that  about  3.2  cubic  feet  of  combus- 
tion space  is  needed  for  every  square  foot  of  grate  area,  and  that  the 
length  of  the  gas  path  should  be  about  10  feet. 

When  Pittsburgh  run-of-mine  coal  is  to  be  burned,  it  is  found  in  the 
same  manner  from  the  left  half  of  figure  30  that  the  same  results  can 
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be  obtained  with  a  vohime  to  grate  ratio  of  about  3.9  and  an  average 
length  of  gas  travel  of  about  12  feet. 

Thus  the  three  coals,  Pocahontas,  Pittsburgh,  and  Illinois  coal, 
require  3.2,  3.9,  and  5.8  cubic  feet  of  space  per  square  foot  of  grate 
respectively,  to  bum  40  pounds  of  coal  per  square  foot  of  grate  per 
hour,  with  50  per  cent  excess  of  air  and  incomplete  combustion  of  2 
per  cent  of  the  total  heat  in  the  coal  fired. 

According  to  the  right  half  of  figure  30,  when  burning  Pittsburgh 
screenings  only  about  3.1  cubic  feet  of  combustion  space  is  required 
per  square  foot  of  grate  to  bum  the  coal  with  the  same  results.  This  is 
about  the  same  combustion  space  as  that  required  to  bum  the  Poca- 
hontas coal.  The  results  of  the  tests  with  Pittsburgh  screenings, 
however,  are  not  comparable  with  those  obtained  with  the  other 
three  coals  because  with  the  Pittsburgh  screenings  the  mixing  of  the 
gases  was  much  better.  As  stated  on  page  76  the  series  of  tests  with 
the  Pittsbuigh  screenings  was  undertaken  in  order  to  study  the  com- 
bustion immediately  over  the  fuel  bed.  For  that  purpose  nine  sam- 
pling tubes  were  inserted  through  the  arch  into  the  space  over  the 
fuel  bed.  The  arch  was  a  double  one  with  an  air  space  between  its 
two  parts,  as  shown  in  figure  3.  This  air  space  was  connected  with 
^t  supplying  air  to  the  tuydres,  so  that  the  air  between  the  two  parts 
of  the  arch  was  xmder  the  same  pressure  as  the  air  entering  the  tuy- 
eres. The  holes  in  the  arch  for  the  insertion  of  the  sampling  tubes 
were  unavoidably  made  somewhat  larger  than  the  tubes,  with  the 
result  that  air  leaked  around  the  samphng  tube  from  the  air  space 
between  the  two  parts  of  the  arch  into  the  furnace.  Leakage  through 
the  outer  arch  was  prevented  by  packing  asbestos  rope  aroimd  the 
tube,  but  there  was  no  effective  way  of  preventing  the  leakage  in  the 
inner  arch.  As  a  residt  of  this  leakage  there  were  nine  small  streams 
of  air  injected  into  the  furnace  and  evenly  distributed  over  the  area 
of  the  grate  so  that  the  air  mixed  readily  with  the  combustible  gases, 
thus  making  the  combustion  over  the  fuel  bed  more  rapid  than  was 
the  case  with  the  other  series  of  tests  where  there  was  no  leakage 
through  the  arch.  The  series  of  tests  with  the  Pittsburgh  screenings 
shows  the  effect  of  mixing  on  the  rapidity  of  combustion. 

EPFECr  OF  I^EKGTH  OF  GAS  TRAVEL  ON  THE  COMPLETENESS  OF  COMBUSTION. 

When  considering  the  volume  of  combustion  space,  it  is  well  to  add 
that  the  length  of  the  gas  travel  is  probably  an  important  factor.  It 
sterns  that  a  long  narrow  combustion  space  is  more  efficient  in  burn- 
ing the  gases  than  a  short  wide  one  having  the  same  cubical  space. 
In  the  long  narrow  space  the  gases  travd  with  a  higher  velocity, 
vhich  promotes  mixing  and  therefore  quickens  the  combustion.  In 
the  short  wide  space  the  gases  remain  the  same  length  of  time,  but 
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travel  slower.  On  accoxint  of  this  slower  movement  the  gases  are 
less  agitated  and  tend  to  travel  in  stratified  streams.  Therefore  there 
is  less  mixing  and  the  combustion  is  slower.  It  is  advisable  that  in 
using  the  data  of  figures  29  and  30  in  designing  a  furnace  the  path  of 
the  gases  shoidd  be  made  nearly  as  long  as  in  the  experimental  fur- 
nace if  practicable. 

EFFECT  OF  COMPOSITION  OF  COAL  ON  THE  SIZE  OF  COMBUSTION 

SPACE  BEQUIBED. 

Coals  having  different  composition  require  different  sizes  of  com- 
bustion space.  The  chemical  characteristics  that  are  most  likely  to 
affect  the  size  of  the  combustion  space  required  for  a  given  set  of 
conditions  are  the  quantity  and  quality  of  the  volatile  matter. 
The  quantity  of  the  volatile  matter  is  shown  by  its  percentage  as 
determined  by  the  proximate  analysis.  The  quality  of  the  volatile 
matter  is  indicated  approximately  by  the  ratio  of  volatile  carbon  to 
available  hydrogen,  and  probably  also  by  the  oxygen  content  of  the 
coal  on  a  moisture  and  ash  free  basis.  The  principal  chemical 
characteristics  of  the  three  coals  tested  are  given  in  Table  4  followmg. 
Items  1,  6,  and  7  of  the  table  give  the  three  mentioned  factors  which 
are  most  likely  to  affect  the  burning  qualities  of  any  coal.  Roughly 
speaking,  the  characteristics  of  the  three  coals  as  given  in  items  1  and 
6  increase  in  about  equal  steps  from  Pocahontas  to  Pittsburgh,  and 
from  Pittsburgh  to  Illinois  coal.  On  the  other  hand,  the  difference  in 
the  oxygen  content  between  the  Pittsburgh  and  the  Illinois  coal  is 
much  larger  than  it  is  between  the  Pocahontas  and  the  Pittsburgh 
coal. 

Table  4. — Chemical  characteristics  of  the  three  coals  tested. 


Item 
No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

n 

12 


Item. 


Volatile  matter  in  moisture  and  ash  free  coal per  cent. 

Fixed  carbon  in  moisture  and  ash  free  coal do. . . 

Carbon  in  moisture  and  ash  free  coal do. . . 

Volatile  carbon  in  moisture  and  ash  free  coal do. . . 

Available  hydrogen  in  moisture  and  ash  free  coal do... 

Ratio  of  volatile  carbon  to  available  h ydrogen do . . . 

O  xy gen  in  moisture  and  ash  free  coal do . . . 

Nitrogen  in  moisture  and  ash  free  coal do. . . 

Percentage  of  moisture  accompanying  100  per  cent  of  moisture 

and  ash  free  coal .• 

Volatile  matter  times  the  ratio  of  volatile  carbon  to  available 

hydrogen  (product  of  items  1  and  6) per  cent. 

Ratio  of  oxygen  to  total  carbon,  in  moisture  and  ash  free  coal. 
Total  moisture  in  furnace  per  pound  of  coal  reduced  to  moisture 

and  ash  free  basis poimds. 


Pocahontas 

Pittsburgh 

coal.      , 

coal. 

18.05 

34.77 

81.05 

65.23 

90.50 

85.7 

8.55 

20.47 

3.96 

4.70 

2.16 

4.35 

3.32 

5.59 

1.19 

1.73 

2.53 

2.88 

39.0 

151 

.0367 

.0652 

.409 

.501 

Illinois 
coal. 


46.52 

53.4$ 

79.7 

26-22 

3.96 

6.6 

10.93 

1.70 

22.07 


307 


.137 
.700 


THE  EFFECT  OF  THE  QUANTrTY  OF  THE   VOLATILE   MATTER. 

Table  5  gives  the  size  of  the  required  combustion  space  for  the  three 
coals  and  several  sets  of  conditions  indicated  by  columns  1,  2,  and  3 
of  the  table.    Examination  of  the  values  in  columns  4,  5,  and  6 
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shows  that  the  size  of  the  combustion  space  does  not  increase  in  direct 
proportion  to  the  percentage  of  the  volatile  matter  in  the  coal.  The 
ino^ease  in  the  combustion  space  from  Pittsburgh  to  Illinois  coal  is 
much  larger  than  the  increase  from  Pocahontas  to  Pittsburgh  coal. 
Boug^y  speaking;  xmder  the  same  conditions  Pittsburgh  coal  requires 
about  20  per  cent  larger  combustion  space  than  Pocahontas  coal, 
whereas  Illinois  coal  requires  about  40  per  cent  larger  combustion 
space  than  Pittsburgh  coal.  That  the  size  of  the  combustion  space 
does  not  increase  in  direct  proportion  to  the  percentage  of  volatile 
matter  in  the  coal  is  shown  graphically  by  the  upper  curves  of 
figure  31.  If  the  relation  of  the  size  of  combustion  space  to  the 
percentage  of  volatile  matter  were  a  direct  proportion,  the  relation 
would  be  represented  by  a  straight  line.  The  figure  shows  that  the 
curves  are  far  from  straight  lines,  and  become  more  and  more  curved 
as  conditions  of  less  complete  combustion  are  considered  and  the 
combustion  space  becomes  smaller.  However,  in  the  opposite  direc- 
tion toward  complete  combustion  the  curves  seem  to  approach  a 
straight  line. 

That  the  size  of  the  required  combustion  space  under  ordinary 
degrees  of  completeness  of  combustion  does  not  vary  in  direct  propor- 
tion as  the  quantity  of  the  volatile  matter,  even  if  the  quahty  of  the 
latter  remains  constant,  can  be  deduced  from  Table  5  by  comparing 
the  two  rates  of  combustion  of  the  same  coal.  Thus,  when  the  rate  of 
combustion  is  doubled  the  quantity  of  the  volatile  matter  distilled 
per  imit  of  time  is  doubled.  However,  to  bum  this  double  quantity 
of  volatile  matter  with  the  same  excess  of  air  to  the  same  completeness, 
the  combustion  space  is  increased  only  about  20  per  cent.  Table  6 
follows. 

Tablb  5. — Si2e  of  combuBtion  space  refiuiredfor  the  three  coals  when  burned  under 

conditions  given  in  columns  1,2,  and  3, 


Complete- 

OttSOf 

oomba»- 

Uoii,per 

cent  of 

undeTet- 

oped 

liflat. 

Rate  of 
oombu»- 

tion, 
pounds 

per 

square 

foot  of 

grate  per 

hoar. 

■ 

Excess 

of  air 

(per 

cent). 

Cubic  feet  of  combus- 
tlonspaoe  per  sqiuire 
foot  of  grate  aroa. 

Poca- 
hontas. 

Pitts- 
burgh. 

Illinois. 
6 

1 

2 

• 

3 

4 

2.7 
3.2 
3.6 
4.0 
4.8 

2.0 
2.3 
2.7 
8.4 
4.0 

6 

2.9 
3.7 
4.4 
5.6 
6.8 

2.2 
2.7 
3.1 
4.0 
5.0 

5 
3 
2 
I 
0.5 

5 
3 
2 

1 

a5 

50 
50 
50 
50 
50 

25 
25 
26 
26 
26 

50 
50 
50 
50 
50 

50 
50 
50 
50 
50 

4.3 
5.3 
6.3 

8.9 
11.0 

3.5 

4.35 

5.1 

6.2 

7.1 
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RATIO  OF  COMBUSTION  SPACE  TO  GRATE  AREA, 
CUBIC  FEET  PER  SQUARE  FOOT  OF  GRATE  AREA 

Figure  31.— Relation  between  volatile  matter  of  ooal  and  sise  of  combustion  space  required.  The  curves 
are  plotted  from  the  first  sot  of  data  in  Table  5.  Upper  group  shows  relation  between  the  size  of  required 
combustion  space  and  the  percentage  of  volatile  matter;  lower  group  shows  relation  between  the  size  oi 
required  combustion  space  and  the  quality  of  the  volatile  matter  as  shown  by  the  ratio  of  volatile  carbon 
to  available  hydrogen.  Figure  near  each  curve  indicates  percentage  of  heat  not  developed,  owing  to  in- 
complete combustion.    In  all  tests  the  rate  of  combustion  is  90  pounds  and  the  excess  of  air  fiO  per  cent 
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THE  EFFECT  OF  THE  QUALITY  OP  THE  VOLATILE  MATTEB. 

The  quality  of  the  volatile  combustible^  as  far  as  the  ease  of  burning 
it  is  concerned,  is  perhaps  best  expressed  by  item  6  in  Table  4,  show- 
ing the  ratio  of  volatile  carbon  to  available  hydrogen.  These  values 
were  obtained  by  dividing  the  volatile  carbon  by  the  available 
hydrogen,  and  are  probably  fair  indicators  of  the  burning  qualities 
of  the  coals.  The  amount  of  volatile  carbon  was  computed  by  sub- 
tracting the  amount  of  fixed  carbon  from  that  of  the  total  carbon. 
The  available  hydrogen  is  equal  to  the  hydrogen  content  on  a  moisture 
and  ash  free  basis  minus  one-eighth  of  the  oxygen  content.  The 
ratio  shows  that  the  volatile  matter  of  the  Pittsburgh  coal  contains 
nearly  twice  as  much  carbon  and  that  of  the  Illinois  coal  three  times 
as  much  carbon  as  the  Pocahontas  coal.  These  ratios  indicate 
the  probability  that  in  burning  Pocahontas  coal  the  volatile  combust- 
ible is  distilled  oflF  mostly  as  light  gases  which  are  easily  burned  in 
the  diluted  furnace  atmosphere,  whereas  in  burning  Illinois  coal 
the  volatile  combustible  leaves  the  fuel  bed  mostly  as  heavy  hydro- 
carbons in  the  form  of  tars,  which  in  the  diluted  oxygen  of  the  furnace 
atmosphere  are  first  decomposed  into  lighter  hydrocarbons  and  car- 
bon, the  latter  being  precipitated  as  soot.  This  mixture  of  soot,  tar, 
and  gases  bums  slowly  and  requires  a  large  combustion  space  for 
its  complete  combustion. 

The  effect  of  high  carbon  content  of  the  carbon-hydrogen  com- 
pomids  on  the  rapidity  of  combustion  is  discussed  more  fully  on  pages 
118  and  119.  Here  it  may  be  repeated  that  in  general  the  higher  the 
carbon  content  in  the  carbon-hydrogen  compoimds  the  more  time  is 
required  for  their  combustion.  Therefore  it  may  be  expected  that  as 
the  ratio  of  volatile  carbon  to  available  hydrogen  increases  the  size 
of  the  combustion  space  required  for  a  given  degree  of  completeness 
also  increases.  The  data  in  Table  5  and  the  lower  set  of  curves  of 
figure  31  show  such  an  increase,  but  the  increase  is  not  in  direct 
proportion  to  the  ratio,  especially  with  conditions  of  less  complete 
combustion.  As  perfect  combustion  is  approached  the  curve  repre- 
senting this  relation  seems  to  approach  more  nearly  a  straight  line. 

Inasmuch  as  both  the  quantity  and  the  quality  of  the  volatile 
matter  exert  an  influence  in  the  same  direction  on  the  burning 
property  of  a  coal,  the  size  of  the  combustion  space  required  for  a 
given  completeness  of  combustion  imder  a  given  set  of  conditions 
should  vary  in  some  rather  pronounced  way  as  the  product  of  the 
quantity  and  the  quality  of  the  volatile  matter.  Such  product  of 
the  percentage  of  volatile  matter  in  moisture  and  ash  free  coal  and 
the  ratio  of  volatile  carbon  to  available  hydrogen  is  given  in  line  10 
of  Table  4.     In  the  upper  group  of  curves  in  figure  32  this  product 
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is  plotted  against  the  size  of  combustion  space  shown  by  the  first  set 
of  data  in  Table  5.    Each  curve  of  the  upper  group  gives  the  rdation 


2  4  .6  8 

RATIO  OF  COMBUSTION  SPAOE  TO  GRATE  AREA. 
CUBIC  FEET  PER  SQUARE  FOOT  OF  GRATE  AREA 

Figure  32.— Relation  between  sice  of  oombostlon  space  required  and  tbe  chemical  pcopertlas  of  three 
ooals.  The  upper  group  of  curves  has  for  its  ordinates  the  product  of  the  percentage  of  volatile  matter 
times  the  ratio  of  volatile  carbon  to  available  hydrogen,  from  line  10,  Table  4;  the  middle  group,  the  per- 
centages of  oxygen  in  "moisture  and  ash  free"  coal,  firom  line  7,  Table  4:  and  the  lower  groupi  the  ratio 
of  total  carbon  to  oxygen  in  "  moisture  and  ash  free"  coal,  from  line  11,  Table  4.  All  three  groups  ba^e 
a  common  abscissa,  the  ratio  of  the  combustion  space  to  grate  area,  plotted  from  the  first  set  of  data  in 
Table  5.  Figure  near  each  curve  indicates  percentage  of  heat  not  developed,  owing  to  incomplete  oonr 
bustion.    In  all  tests  the  rate  of  combustion  is  50  pounds  and  the  excess  of  air  60  per  cent. 

between  the  size  of  combustion  space  and  the  product  of  quantity 
times  the  quality  of  volatile  matter  for  one  degree  of  completeness* 
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of  combustion  indicated  by  the  figure  near  each  curve.  The  curves 
are  similar  in  form  to  those  of  figure  31,  but  are  somewhat  nearer 
to  being  a  straight  line,  particularly  the  curves  for  more  complete 
combustion.  It  may  then  be  said  that,  in  a  rough  way,  when  nearly 
complete  combustion  is  desired  the  size  of  combustion  space  varies 
directly  as  the  product  of  the  quantity  and  the  quality  of  the  volatile 
matter  as  the  two  are  given  in  items  1  and  6  of  Table  4.  As  the  com- 
bustion becomes  less  complete  the  curve  showing  the  relation  between 
this  product  and  the  size  of  the  combustion  space  is  farther  from  a 
straight  line. 

OXYGEN   AS  AN   INDICATOR  OF  THE   BURNING  QUALITT  OF  COALS. 

The  ratio  of  the  volatile  carbon  to  avaQable  hydrogen  is  only  one 
of  probably  several  factors  which  may  indicate  the  burning  qualities 
of  volatile  combustible.  Among  the  other  factors  the  oxygen  con- 
tent in  ^'moisture  and  ash  free^'  coal  suggests  itself  as  the  most 
important  one. 

In  line  7,  Table  4,  the  percentages  of  oxygen  in  Pocahontas,  Pitts- 
biu^,  and  Illinois  coals  are  shown  to  be  3.32,  5.59,  and  10.93,  respec- 
tively.  According  to  these  figures,  the  Illinois  coal  contains  by  far 
the  lai^est  percentage  of  oxygen.  At  the  present  state  of  knowlec^e 
of  combustion  of  coal  it  is  difficult  to  explain  why  oxygen  when  con- 
tained in  the  volatile  matter  should  delay  its  combustion.  Never- 
theless there  are  some  indications  that  volatile  combustible  con- 
taining a  high  percentage  of  oxygen  is  harder  to  btum  than  one  con- 
taining little  oxygen.  Whether  the  difficulty  in  burning  it  is  due 
to  the  oxygen  content  or  to  some  other  chemical  property  can  not 
be  stated  definitely.  It  is  interesting  to  note  that  with  the  three 
coals  tested  the  combustion  space  required  for  the  same  degree  of 
completeness  of  combustion  is  almost  directly  proportional  to  the 
oxygen  content  in  "moisture  and  ash  free"  coal.  That  is,  if  tests 
of  the  three  coals  run  at  the  same  rate  of  combustion,  the  same 
excess  of  air,  and  the  same  completeness  of  combustion  are  plotted 
on  the  oxygen  contents  as  abscissa  and  the  ratio  of  combustion  space 
to  grate  area  as  ordinate,  the  curves  connecting  each  group  of  three 
points  representing  the  three  coals  are  nearly  straight  lines.  Four  of 
such  curves  are  given  in  the  middle  of  figure  32.  In  the  absence  of 
more  complete  data  the  authors  are  inclined  to  believe  that  this 
Dearly  straight  line  relation  between  the  required  combustion  space 
and  the  oxygen  content  is  purely  accidental.  However,  as  some 
writers"  attribute  to  the  oxygen  content  in  coal  considerable  impor- 
tance the  authors  are  presenting  this  relation  for  the  consideration 
of  those  interested  in  this  subject. 

a  Whkbb,  David,  The  efleot  of  oxygen  In  ooal:  Boll.  29,  Bureau  of  Mines,  1011,  p.  80. 
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The  authors  wish  to  add  that  it  is  generally  conceded  that  the 
oxygen  content  shows  to  a  certain  measure  the  age  of  the  coal- 
that  isy  it  shows  what  stage  the  process  of  carbonization  of  the  original 
plant  substance  has  reached.  On  the  average  the  original  plant  sub- 
stance from  which  coal  was  formed  contained  about  40  per  cent  of 
oxygen  and  a  comparatively  low  percentage  of  carbon.  As  the 
process  of  the  formation  of  coal  went  on  the  oxygen  was  gradually 
decreased  and  the  proportion  of  the  carbon  thereby  increased. 
Anthracite  coal  contains  only  about  2.5  per  cent  of  oxygen  and  a 
very  high  percentage  of  carbon.  With  the  progress  of  carboniza- 
tion, the  percentage  of  the  volatile  matter  also  decreases  and  its 
quality  xmdergoes  a  change  which  makes  it  easier  to  bum.  Thus, 
although  the  oxygen  content  itself  may  not  directly  affect  the  com- 
bustion qualities  of  a  coal  it  may  be  regarded  in  a  way  as  an  indicator 
of  such  qualities. 

In  other  words,  there  is  probably  a  certain  chemical  property  of 
the  coal  which  affects  its  combustion  qualities,  and  this  chemical 
property  varies  with  the*  content  of  oxygen,  although  the  variation 
in  one  is  not  the  cause  nor  the  result  of  the  variation  in  the  other, 
changes  in  both  being  brought  about  by  the  same  cause,  the  progress 
of  the  carbonization  of  the  plant  substance. 

Inasmuch  as  with  the  progress  of  carbonization  the  percentage  of 
oxygen  decreases  and  that  of  the  carbon  increases,  it  would  seem  that 
the  ratio  of  the  oxygen  content  to  the  content  of  total  carbon  would 
be  a  more  direct  indicator  of  the  age  of  coal,  and  therefore  also  an 
indicator  of  its  qualities  affecting  the  ease  of  burning  it  in  industrial 
furnaces.  The  group  of  curves  at  the  bottom  of  figure  32  gives  the 
relation  between  this  ratio  and  the  required  combustion  space.  In 
the  figure,  this  relation  is  represented  by  a  nearly  straight  line, 
which  fact  indicates  that  the  required  combustion  space  increases 
nearly  directly  as  the  ratio ;  this  is  particularly  true  with  the  condi- 
tions giving  nearly  complete  combustion.  These  curves  have  the 
same  shape  as  those  of  the  middle  group  of  the  figiu*e. 

That  the  oxygen  content  is  a  good  indicator  of  the  stage  of  the 
process  of  formation  of  coal  is  shown  by  figure  33,  which  is  a  tran- 
scription of  a  chart  compiled  by  Ralston  and  published  in  Technical 
Paper  93^  as  Plate  I.  In  Ralston's  chart  thousands  of  analyses  of 
coals  and  other  fuels  of  the  United  States  are  plotted  on  trilinear 
coordinates  representing  the  carbon,  hydrogen,  and  oxygen  con- 
tents in  moisture-free,  ash-free,  nitrogen-free,  and  sulphur-free  coal. 
That  is,  the  coal  is  assimied  to  consist  of  only  carbon,  hydrogen,  and 
oxygen,  containing  none  of  the  oxygen  and  hydrogen  which  can  be 
driven  away  as  moisture. 

a  Ralston,  O.  C,  Graphic  studies  ol  ultimate  analyses  of  ooals:  Tech.  PaperOS,  Bureau  of  MineSi  1915, 41  pp. 
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In  the  figure  the  small  triangle  repreeenta  the  trilinear  diagram, 
with  each  of  the  three  coordinates  nmniiig  from  0  to  100.  The  hori- 
zontal distances  are  the  percentages  of  carbon,  starting  at  the  right 
mi  ending  with  100  per  cent  at  the  left-hand  comer.  The  vertical 
distances  are  the  percentages  of  hydrogen,  b^;inning  at  the  bottom 
of  the  triangle  and  ending  with  100  per  cent  at  the  npper  comer. 
The  oxygen  begins  with  the  slanting  side  of  the  triangle  as  zero  and 
runs  toward  the  lower  right>-hand  comer  as  lOO  per  cent.  As  all  the 
coals  and  other  fuels  fall  within  the  small  shaded  part  of  the  triangle, 
this  part  is  shown  greatly  enlarged,  in  order  to  show  more  in  detail 
Uie  position  of  the  different  coals. 


OXYGEN.  PBl  CENT 


CARBON,  PBt  CENT 

fnvvt  n.—Ovtfnl  dmacterMka  nfTBrlms  fuels  and  their  relation  (i  ihnwn  by  tbdr  rarbcm,  bTdtogtn, 
■Oil  airgei>ooDteaUndiicedtomolst4ire-tree,  ajh-ln«,  nltrogea-fne,  and  Bulpliiir-rree  basla,  platted  oi 
IriHour  cocrdlnalH.  Shaded  ores  In  trlaDKleiepriBsilta  part  covared  b;  coals  and  othei  fiielJi.  Trape- 
uHd  bdmr  represents  this  area  greatl;  enlaiged,  showing  the  flelds  covered  by  various  grades  of  ccols  and 
tOia  Caels.  Ths  three  black  dots  thov  the  position  of  the  three  cools  tested.  Cmnpore  this  flgiue  ffltb 
l>C>iros2t  aodSI. 

I^iis  enlarged  part  of  figure  33  does  not  contain  points  represent- 
ing the  individual  coals  as  given  in  Balaton's  chart,  but  outlines  the 
general  grouping  of  the  coals  and  the  fields  in  which  the  different 
fueb  fall  on  the  chart.  The  position  of  each  of  the  three  coals  used 
in  tests  with  the  long  combustion  chamber  is  indicated  on  the  chart 
by  a  black  dot  designated  by  the  name  of  the  coal.  The  striking 
feature  of  the  chart  is  the  fact  that,  starting  with  wood,  the  oxygen 
content  is-about  42  per  cent,  and  it  gradually  decreases  through  the 
peats,  the  lignites,  subbituminous,  bitimiinous,  s^nibitiuninous,  and 
anthracite  coal  to  less  tlian  2.5  per  cent. 
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THE  EFFECT  OF  MOISTUBE  IN  COAL  ON  COMBUSTION. 

Moisture  in  coal  is  another  chemical  characteristic  which  may  affect 
the  combustion.  Although  in  moderate  percentages  the  moisture  in 
furnace  gases  may  be  beneficial,  in  large  quantities  it  may  be  a  detri- 
ment and  reduce  the  velocity  of  combustion.  Figure  34,  prepared 
from  data  by  Mellor,*  shows  the  eflfect  of  water  vapor  on  the  velocity 
of  combustion  of  two  volumes  of  CO  with  one  volume  of  oxygen.  The 
abscissas  give  the  water  vapor  in  per  cent  by  volmne.  The  ordinatos 
are  niunbers  proportional  to  the  velocity  of  combustion.  The  curve 
shows  that  the  maximimi  velocity  of  combustion  is  obtained  with 
about  5  or  6  per  cent  of  moisture.     On  either  side  of  this  maximum 
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WATER  VAPOR  PER  CENT  BY  VOLUICE 

Figure  34.~HeIatioii  between  the  peroentage  of  water  vapor  and  the  velocity  of  reaction  between  two 
volumes  of  CO  and  one  volume  of  Oi.   Curve  compiled  from  data  by  Keller. 

percentage  the  velocity  of  combustion  drops  rapidly.  With  no  mois- 
ture present,  the  mixture  of  the  two  gases  would  not  explode,  showing 
that  a  small  amount  of  water  vapor  is  necessary  for  the  two  gases  to 
unite. 

How  the  presence  of  diflFerent  percentages  of  moisture  would  affect 
1  xe  combustion  of  CO  with  O,  when  the  two  reacting  gases  are  greatly 
diluted  by  CO,  and  N,  can  not  be  directly  deduced  from  figure  34. 
It  is  possible  that  a  curve  of  similar  shape  holds  true  for  the  combus- 
tion of  CO  under  furnace  conditions  and  that  with  the  Illinois  coal 
the  furnace  gases  contain  more  moisture  than  the  percentage  giving 
the  highest  velocity  of  combustion.  Under  the  conditions  expressed 
by  curve  S  in  figure  31,  and  using  Illinois  coal,  the  percentages  of  the 

•  lienor,  7.  W.,  CbemScal  8t«tio8  and  Bynamios,  1904,  p.  471. 
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different  constdtuents  in  the  furnace  are  as  follows:  CO,  0.6;  CO,, 
13.0;  0„  4.0;  H,0,  7.0;  N„  75.4. 

Thus,  although  the  water  vapor  constitutes  a  small  percentage  of 
the  furnace  gases,  its  volume  is  considerahly  greater  than  the  total 
volume  of  the  two  reacting  gases  CO  and  O,.  It  seems  probahle, 
therefore,  that  moisture  in  such  high  quanti£y  retards  combustion. 

Considering  the  moisture  entirely  from  the  law  of  mass  action,  its 
presence  in  the  furnace  is  always  objectionable,  because  it  reduces  the 
concentration  of  the  reacting  gases.  Whether  it  has  chemically  any 
retarding  effect  on  the  combustion  when  contained  in  large  quantity 
can  not  be  definitely  stated,  as  no  data  on  the  subject  except  that 
given  in  figure  34  seem  to  be  available. 

The  nature  of  combustion  and  of  the  coordinates  used  in  figures 
31  and  32  are  such  that  none  of  the  relations  shown  by  the  five 
groups  of  curves  can  really  be  represented  by  a  straight  Une.  The 
straight  lines  which  occur  in  these  figures  are  merely  accidental  and 
are  very  likely  a  straight  part  of  a  curve  or  represent  only  a  special 
case  of  a  general  law. 

Some  of  the  combustible  gases  that  are  burned  in  the  combustion 
space  are  not  a  part  of  the  volatile  combustible  at  all,  but  are  the 
results  of  reduction  of  CO,  and  H^O  in  the  reducing  zone  of  the  fuel 
bed.  It  has  been  shown  in  experiments  described  in  Technical 
Paper  137*  that  even  when  coke  containing  practically  no  volatile 
matter  is  burned,  the  gases  rising  from  a  6-inch  fuel  bed  contain  as 
much  as  18  per  cent  of  CO.  Similar  results  were  also  obtained  with 
anthracite  coal.  Inasmuch  as  the  air  needed  to  bum  this  CO  is 
usually  added  some  distance  above  the  surface  of  the  fuel  bed,  the 
gases  may  have  to  pass  through  a  considerable  volume  of  combustion 
space  before  they  are  thoroughly  mixed  with  the  air  and  burned. 
Thus,  although  these  fuels  do  not  have  any  volatile  matter,  some 
combustion  space  must  be  provided  for  mixing  the  CO  with  air  and 
burning  it.  Therefore,  in  going  from  the  lower  grade  of  coals  to 
Pocahontas  coal  and  coke,  the  combustion  space  required  does  not 
decrease  as  fast  as  the  factors  indicating  the  burning  properties  of 
the  fuel.  For  this  reason  a  curve  representing  any  set  of  conditions 
may  appear  as  a  straight  line  in  the  region  of  low-grade  coals,  but 
in  the  low-volatile  fuels  it  has  a  perceptible  curvature.  This  curva- 
ture is  always  in  the  direction  that  makes  the  combustion  space 
larger. 

There  is  no  fuel  that  will  bum  almost  completely  without  any 
combustion  space.  No  matter  how  much  the  volatile  content  of 
the  coal  is  decreased,  the  combustion  space  can  not  be  decreased 
beyond  certain  limits  except  at  the  expense  of  completeness  of  com- 
bustion. 

«  KMrinpr,  Hory,  OTlts,  F.  E.,  and  Aocostiiie,  C.  E.,  Combnstloii  in  llie  fuel  bed  of  band-fired 
tonaoiK  Tadmtel  Pspar  137,  Bunsa  of  Mines,  191(1,  p.  43. 
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RELATION    BETWEEN    KIND    OF    COAL    USED  AND  THE   COMPLETENESS 

•       OF  COMBUSTION. 

Table  6  following  shows  the  relation  between  the  kinds  of  coal 
and  the  completeness  of  combustion  for  six  sets  of  conditions,  given 
in  columns  1,  2,  and  3.  The  degree  of  completeness  of  combustion 
is  indicated  by  the  percentage  of  undeveloped  heat.  The  values  in 
the  last  three  columns  show  that  there  is  no  simple  relation.  Some- 
times the  difiFerence  in  incomplete  combustion  is  greater  between 
Pocahontas  and  Pittsburgh  coal,  and  sometimes  the  difference  is 
greater  between  Pittsburgh  and  Illinois  coal.  The  degree  of  the  com- 
pleteness of  combustion  seems  to  depend  on  what  part  of  a  curve 
the  three  points  are  placed  by  the  conditions  governing  the  combus- 
tion. 

Table  6. — Relation  between  the  Hnd  of  coal  and  the  eompletenees  of  eomhtution  when 

other  amaUions  are  constant. 


Rate  of 
combus- 
tion, 
pounds 
per  square 

foot  of 

grate  per 

hoar. 

Excess 

of  air 

(per 

cent). 

Cubic 
feet  of 
combus- 
tion 
space 
persauare 
foot  of 
grate 
area. 

Undeveloped  heat, 

per  cent  of  total  heat 

in  coal. 

Poca- 
hontas. 

Pitts- 
burgh. 

nii- 

nojs. 

50 
SO 
50 

25 
25 
25 

76 
50 
25 

76 
50 
25 

4.0 
4.8 
7.5 

3.6 
4.0 
4.5 

0.6 
.6 
.5 

.5 
.5 
.6 

r.7 

1.7 
2.6 

1.0 
1.0 
2,5 

3.4 
4.0 
4.0 

2.9 
4.0 
5.2 

DETERMINATION  OF  THE  SIZE  OF  THE  COMBUSTION  SPACE  OP  A  FUR- 
NACE TO   BURN   A   GIVEN   COAL. 

Figure  S?  can  be  used  as  a  guide  to  design  furnaces  for  burning 
given  coals.  Suppose  that  it  is  desired  to  design  a  furnace  for  each 
of  the  three  coals  given  in  Table  7,  the  combustion  to  be  complete 
to  within  2  per  cent  when  the  coal  is  burned  at  the  rate  of  50  pounds 
per  square  foot  of  grate  per  hour  and  with  50  per  cent  excess  of  air. 
The  analyses  of  the  coals  have  been  taken  at  random  from  Bulletin 
23^.  In  the  table,  lines  7,  13,  and  14  give  the  factors  indicating  the 
burning  qualities  of  the  three  coals.  By  the  use  of  these  three  factors 
and  jSgure  32  the  size  of  the  combustion  space  can  be  approximately 
determined.  Thus  with  the  New  Mexico  coal  the  percentage  of 
oxygen  given  in  line  7,  Table  7,  is  14.02.  The  point  on  the  pro- 
longed curve  marked  £,  in  the  middle  set  of  curves  in  figure  32, 
representing  this  percentage,  shows  that  the  size  of  combustion 

a  Breckenridge,  L.  P.,  Krelsinj^er.  Henry,  and  Rny,  W.  T.,  Steaming  tests  of  ooals  and  related  Investi- 
gations, Sept.  1, 1904,  to  Dec.  81, 1906:  Bull.  23,  Bureau  of  Mines,  1912, 880  pp^ 
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gpace  required  for  the  given  conditioii  is  7.4  cubic  feet  to  each  square 
foot  of  grate.  The  product  of  the  quantity  and  the  quahty  of  the 
Tolatile  combustible  given  in  line  13,  Table  7,  and  curve  S  of  the  top 
group  in  jGgure  32  show  that  the  furnace  should  have  about  6.7 
cubic  feet  of  combustion  space  to  each  square  foot  of  grate  area.  The 
ratio  of  the  oxygen  to  total  carbon  given  in  line  14,  Table  7,  and 
curve  £  of  the  lowest  group  in  figure  32  show  that  7.4  cubic  feet  of 
combustion  space  is  needed  for  each  square  foot  of  grate.  The 
position  of  the  three  points  on  the  diagram  is  shown  by  the  small 
circle  on  the  upper  end  of  curve  S  in  each  group.  Thus  the  ratio  of 
the  combustion  space  to  the  grate  area  as  given  by  the  three  factors 
varies  from  6.7  to  7.4. 

Similarly  the  size  of  the  combustion  space  of  a  furnace  to  bum 
the  Yirginia  coal  under  the  given  conditions  is  indicated  by  deter- 
mining the  points  representing  the  three  factors  of  lines  7,  IS,  and  14 
(Table  7)  on  curve  IB  of  the  respective  groups  in  figure  32.  In  this 
instance  the  three  factors  indicate  that  the  required  combustion 
space  per  square  foot  of  grate  area  should  be  4.9  to  5.1  cubic  feet. 

For  the  New  River,  W.  Va.,  coal  the  three  factors  indicate  that 
the  ratio  of  the  combustion  space  to  the  grate  area  varies  from 
3.7  to  3.9. 

Tablk  7. — ComponHon  of  three  given  coals  andfaetorB  indicaiing  their  burning  qtudiiies, 

PROXIMATE  ANALYSIS  OF  COAL    AS  RECEIVED. 


Lint. 


Item. 


Koisturt per  cent . . 

Volatile do 

Fixed  carbon do 

Aah do 


Neir 

Mexico 

coal. 


11.90 

37.85 

41.57 

&08 


Virginia 
coal. 


3.37 
33.75 
56.41 

6.47 


New  River 

(W.Va.) 

coal. 


1.86 

ao.3i 

73.87 
3.96 


ULTIMATE  ANALYSIS  OF  MOISTURE  AND  ASH  FREE  COAL. 


5 
6 
7 
8 
9 


Garboo percent. 

HydrofBD do... 

Oxygen do... 

Nitrogan do... 

Solphor do... 


78.48 

84.70 

5.52 

5.32 

14.03 

7.53 

1.28 

L55 

.70 

.90 

88.50 

5.02 

4.28 

1.55 

.65 


PROXIMATE  ANALYSIS  OF  MOISTURE  AND  ASH  FREE  COAL. 

10 

u 

VolatUe percent.. 

Fixed  carboo do — 

47.6 
52.4 

.     37.5 
62.5 

21.56 
78.45 

FACTORS  INDICATING  BURNING  QUALITIES. 


12 
13 
14 


VdaUle  carbon -t-available  hjrdrogen . 

Product  or  lines  10  and  12 

Iine7-«-Une5 


6.9 
327 
0.178 


5.1 
191 
0.089 


2.24 
48.3 
0.049 
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THE  MOST  ECONOMICAL  AIR  SUPPLY  l!X)B  A  GIVEN  FUBNACE  AND  GIVEN 

FUEL. 

For  a  given  furnace  and  a  given  fuel  there  is  a  certain  percentage 
of  excess  air  which  gives  the  maximum  ovei^all  efficiency  of  a  steam- 
generating  apparatus.  If  the  supply  of  air  is  increased  beyond  tliis 
percentage  the  over-all  efficiency  drops  because  of  the  heat  lost  in 
heating  this  extra  air.  If,  on  the  other  hand,  the  air  supply  is  de- 
creased below  this  best  percentage,  the  heat  losses  increase  on  account 
of  less  complete  combustion.  These  are  the  two  principal  causes 
of  heat  not  being  available  for  a  boiler  and  the  ones  that  are  affected 
by  air  supply.  The  percentage  of  excess  air  giving  the  lowest  sum  of 
these  two  combined  losses  varies  with  the  size  of  the  combustion  space 
and  the  kind  of  coal.  When  the  combustion  space  is  large  smaller 
air  excess  is  necessary  to  obtain  good  combustion  than  when  the 
combustion  space  is  small.  With  coals  having  low  percentages  of 
volatile  matter  less  excess  air  is  needed  for  nearly  complete  com- 
bustion than  with  coals  having  high  percentages  of  volatile  matter. 
Figures  35  to  39,  inclusive,  show  that  these  statements  are  true. 
These  figures  were  compiled  from  figures  24  to  30,  inclusive.  In 
figures  35  to  38  the  abscissas  are  the  percentages  of  air  in  excess  of 
the  amount  theoretically  needed  to  oxidize  completely  all  carbon  to 
CO,  and  aU  hydrogen  to  H,0.  The  lower  scale  gives  tiie  correspond- 
ing percentages  of  CO,  in  the  products  of  combustion.  The  ordinates 
are  the  percentages  of  heat  not  available  for  the  boiler.  The  straight 
incUned  line  gives  the  quantity  of  heat  that  it  takes  to  raise  the 
temperature  of  the  dry  air,  suppUed  for  combustion,  from  atmos- 
pheric temperature  to  the  temperature  of  saturated  steam  under 
150-pound  gage  pressure.  The  dotted  curves  in  the  lower  part  of 
the  figure  give  the  undeveloped  heat  in  the  gaseous  combustible 
at  the  end  of  that  part  of  the  combustion  space  having  a  ratio  to  the 
grate  area  indicated  by  the  figure  at  each  curve.  Thus,  for  example, 
the  curve  designated  by  S  represents  a  furnace  having  3  cubic  feet 
of  combustion  space  to  every  square  foot  of  grate  area,  and  so  on. 
Each  of  the  solid  curves  in  the  upper  part  of  the  figure  give  the  sum 
of  the  quantities  of  heat  shown  by  the  straight  line  and  one  of  the 
dotted  curves;  that  is,  it  shows  the  quantity  of  heat  not  available 
for  the  boiler  due  to  both  incomplete  combustion  and  the  sensible 
heat  in  the  dry  furnace  gases .  The  heat  in  the  moisture  of  the  coal  and 
that  formed  by  the  burning  of  hydrogen  does  not  vary  with  the  air 
supply  and  therefore  does  not  affect  the  shape  nor  the  horizontal 
position  of  these  curves.  Similarly  the  change  in  the  boiler  pressure 
does  not  change  the  slope  of  the  straight  line;  it  merely  raises  or 
lowers  the  line.  Inasmuch  as  it  is  desired  to  show  the  minima  in  the 
upper  curves,  or  in  other  words  the  percentage  of  excess  air  giving 
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PiouBB  86.— Effect  of  air  sapply  on  the  two  principal  sooroes  of  heat  Iobs  In  a  steam-generating  appantp^ 
as  shown  by  tests  of  Pittsburgh  coal;  rate  of  firing,  50  poimds.  The  stiaight  Inclined  line  Indicates  the 
Increase  in  quantity  of  heat  absorbed  In  heating  the  air  sapply  from  atmospheric  tempeiatore  to  the 
temperature  of  steam  In  the  bofler.  The  dotted  curves  show  percentage  of  heat  not  developed,  owing 
to  incomplete  combustion,  In  a  tamaoe  having  the  ratio  of  combustion  space  to  grate  area  indicated  by 
the  figure  near  each  curve.  The  solid-line  curves  represent  the  sum  of  the  heat  losses  shown  by  tbe 
straight  line  and  each  of  the  dotted  curves,  and  show  what  the  excess  of  air  should  be  for  the  minimii^ 
heat  losses  in  a  given  fumaoe. 
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^Ksuis  37.— Effect  of  air  sopply  on  the  twoprincipal  sources  of  heat  loss  In  a  8team-g;enerating  appantoa 
&sshovnbyte8tsoflllinolsooal;  rate  of  firing,  50  pounds.  The  straight  inclined  line  indicates  the  Increase 
in  qoantity  of  heat  absorhed  in  heating  the  air  sapply  from  atmospheric  temperature  to  the  temperature 
of  steam  in  the  boiler.  The  dotted  curves  show  percentage  of  heat  not  developed,  owing  to  incomplete 
comtnstion,  in  a  fcmaoe  having  the  ratio  of  combustlan  space  to  grate  area  indicated  by  the  figure  near 
ttdi  carve.  Tbesolid-line  curves  represent  the  sum  of  the  heat  losses  shown  by  the  straight  line  and  each 
Gf  the  dotted  oorves,  and  show  what  the  excess  of  air  should  be  for  the  minimum  heat  losses  in  a  given 
^onaoe. 
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FiQUSE  38.— Effect  of  air  sapply  on  the  two  principal  sources  of  heat  loss  In  a  steam-geneiatingapparatos 
as  shown  by  tests  of  Illinois  coal ;  rate  of  firing,  25  pounds.  The  straight  inclined  line  indicates  the  increase 
in  quantity  of  heat  absorbed  In  heating  the  air  supply  from  atmospherio  temperature  to  the  temperature 
of  steam  in  the  boiler.  The  dotted  curves  show  percentage  of  heat  not  developed,  owing  to  Incomplete 
combustion,  in  a  fuinaoe  having  the  ratio  of  combustion  space  to  grate  area  Indicated  by  the  figure  o^ar 
each  curve.  The  solld-llne  curves  represent  the  sum  of  the  heat  losses  shown  by  the  stialgbt  line  and  each 
of  the  dotted  carves,  and  show  what  the  excess  of  air  should  be  for  the  mfa*ty>ntn  heat  losses  in  a  gi^e^ 
foinaoe. 


COKBTJSTION  PBOCE88  IN  COMBUSTION  SPACE. 


96 


CoobMiion 

cBbkfeet 
Bitioofconbukion 
Wetoente 
'^^ofcombufkion 

'ttwM  31.— Cnrrw  ahowlBg  pefoontags  of  cocoeaB  air  givlxig  the  mtoimnm  heat  losses  in  buniizig  Pltts- 
buih,  PoeiliflntaSp  or  Dlinols  ooal  ia  various  sizes  of  combustioii  space .  Proportions  of  combustion  space 
(frea  hj  the  scales  at  the  bottom.  Scale  at  right  Indicates  percentage  of  COs  in  fQmaoe  gases  for  any 
fl^wexoen  of  air  shown  by  scale  at  left.  Figure  near  each  corre  indicates  the  rate  of  firing  the  coal  in 
pounds  per  sqaare  foot  of  giate  per  hoar. 
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the  least  losses,  and  therefore  the  best  results,  the  moisture  and  the 
steam  pressure  need  not  be  taken  into  consideration  in  compiling 
such  curves.  That  is,  only  those  losses  directly  affected  by  the 
excess  of  air  are  considered  here.  These  losses  are  expressed  in 
percentage  of  the  calorific  value  of  coal. 

The  upper  curves  of  figures  35  to  38,  inclusive,  show  that  as  the 
size  of  the  combustion  space  increases  the  minimum  losses  are 
obtained  with  a  lower  excess  of  air  and  a  higher  percentage  of  CO, 
in  the  furnace  gases.  The  mininmni  losses  in  the  fum€ice  having  a 
small  combustion  space  are  much  larger  than  the  minimum  losses  in 
the  furnace  equipped  with  a  large  combustion  space.  However,  with 
the  large  combustion  space  the  minimum  losses  extend  over  a  much 
smaller  range  of  excess  air  than  they  would  with  a  small  combus- 
tion space.  This  means  tliat  with  a  furnace  having  a  large  com- 
bustion space  more  skill  is  required  to  keep  its  performance  within  the 
narrow  range  of  TnininrmTn  losses  or  maximum  efficiency  than  to  operate 
a  small  furnace  at  its  best.  With  the  furnace  having  a  small  combus- 
tion space  a  variation  of  60  to  100  per  cent  in  the  excess  of  air,  and 
even  more,  makes  very  little  difference  in  the  performance  of  the  fur- 
nace. However,  the  maximum  efficiency  of  the  furnace  having  a  large 
combustion  space  is  so  much  higher  than  that  of  the  f  umaec  with  a 
small  combustion  space  that  there  is  little  doubt  left  as  to  which  fur- 
nace is  preferable. 

Figures  35,  36,  and  37  were  prepared  from  tests  of  the  three  dif- 
ferent coals  at  the  same  rate  of  combtistion — 50  pounds  per  square 
foot  of  grate  per  hour.  Comparison  of  the  curves  in  the  three  figures 
shows  that  with  the  same  size  of  combustion  space  considerably  more 
air  is  needed  for  the  best  results  when  burning  high-volatile  coal,  such 
as  Illinois,  than  when  using  the  low-volatile  Focaliontas  coal.  Thus 
with  a  furnace  having  5  cubic  feet  of  combustion  space  per  square  foot 
of  grate  area  the  best  results  with  the  Illinois  coal  were  obtained  when 
the  excess  of  air  was  about  70  per  cent,  whereas  with  the  Pocahontas 
coal  the  best  results  required  only  about  30  per  cent  of  excess  air. 
However,  this  best  performance  with  Illinois  coal  appears  to  be  about 
3  per  cent  of  the  total  heat  in  coal  lower  than  the  best  results  with 
the  Pocahontas  coal. 

To  show  the  effect  of  the  rate  of  combustion  on  the  excess  of  air 
giving  the  best  results  under  a  boiler,  figure  38  has  been  prepared. 
This  figure  gives  the  conditions  for  the  best  results  when  burning 
Illinois  coal  in  the  experimental  furnace  at  the  rate  of  25  pounds  per 
square  foot  of  grate  per  hour.  Comparison  of  figure  38  with  figure  37 
shows  that  with  the  lower  rate  of  combustion  the  TnminmTn  heat 
losses  occur  with  somewhat  smaller  excess  of  air  and  the  losses  are  a 
little  lower. 

Figure  39  shows  the  relation  between  the  size  of  the  combustion 
space  and  the  percentage  of  excess  air  giving  the  best  results  under 
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a  steam  boiler.  The  figure  consists  of  three  separate  diagrams  hay- 
ing common  abscissas,  each  diagram  giving  the  relation  for  one  of 
the  coals  tested.  The  diagram  for  tlxe  Illinois  coal,  given  at  the  top 
of  the  figure,  lias  two  curves,  one  for  a  rate  of  combustion  of  50 
pounds,  and  one  for  a  rate  of  25  pounds,  of  coal  per  square  foot  of 
grate  per  hour.  The  other  two  diagrams  show  only  one  curve  for  a 
rate  of  combustion  of  50  pounds.  The  scale  on  ihe  left  gives  tjie 
percentage  of  excess  air  and  the  scale  on  the  right  the  corresponding 
percentage  of  CO,  in  the  furnace  gases.  The  size  of  the  combustion 
space  at  the  bottom  of  the  chart  is  given  by  the  three  scales.  Read- 
ing from  the  top  the  first  scale  gives  the  combustion  space  in  cubic 
feet,  the  second  scale  below  gives  the  number  of  cubic  feet  of  com- 
bustion space  for  each  square  foot  of  grate  area,  and  the  third  scale 
is  the  average  length  of  the  path  of  gas  travel  through  the  com- 
bustion space. 

The  most  important  feature  shown  by  figure  39  is  that  different 
famaces  and  different  fuels  require  different  percentages  of  excess 
air  to  give  the  best  results.  This  means  that  there  is  no  one  definite 
percentage  of  CO,  in  the  furnace  gases  that  will  give  the  best  results 
in  every  furnace  burning  any  coal.  Some  furnaces  and  some  fuel 
may  give  best  results  with  high  percentages  of  CO,,  whereas  others 
may  have  to  be  operated  with  a  comparatively  low  CO,  content. 
Figure  39  may  furnish  a  guide  as  to  the  probable  best  CO,  content 
for  a  given  furnace  and  a  given  coal. 

DISCTJSSIOV  OF  XISCEIXAHEOTJS  DATA. 

STBATIFICATION  OF  OASES. 

lliere  seems  to  be  a  considerable  tendency  for  furnace  gases  to 
flow  in   stratified   streams   through   the   combustion   space.    The 
stratification  occurs  in  spite  of  the  whirhng  of  the  gases  above  the 
fuel  bed  of  the  Mm^hy  furnace.    The  whirling  was  plainly  visible 
through  a  peephole  in  the  side  wall  of  the  Heine  boiler.    This  whirl- 
ing motion  is  caused  by  the  two  streams  of  air  coming  in  through  the 
tuyeres  and  the  stream  of  gases  rising  from  the  center  of  the  fuel 
bed.    It  seems  to  continue  for  some  distance  beyond  the  fuel  bed. 
The  motion,  and  the  three  streams  of  gases  causing  it,  are  shown  in 
figure  7.    It  would  seem  that  such  a  motion  would  cause  the  gases 
to  form  a  uniform  mixture  a  short  distance  beyond  the  fuel  bed. 
That  such  is  not  the  case  is  shown  by  the  variation  in  the  composi- 
tion of  gas  samples  taken  simultaneously  at  different  points  of  the 
same  cross  section,  as  shown  in  Table  8,  which  gives  the  analyses  of 
aQ  the  gas  samples  taken  in  test  188,  and  Table  9,  giving  the  analyses 
of  samples  taken  in  test  195.    In  each  table  column  1  gives  the  sec- 
tion and  column  2  the  location  of  the  sampler  within  the  section 
where  the  gases  were  collected. 
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Table  S.— Results  of  analysis  o/individwd  gas  samples  eoUeeUd  in  test  188,  wUh  FUU^ 

iurgh  sereenmgs.    Bate  of  combustion  S8  pounds. 


Loca- 
tion of 
sampler 
within 
section. 

Percentage,  by  volume,  of— 

Tar, 
giams 
per 
cubic 
foot  of 
Kasat 
&*F. 
and  30- 
inch 
pies- 
sure. 

Soot, 
grams 

Section  of  furnace  when 
sample  was  tckken. 

CO,. 

Unsat- 
urated 
hydro- 
car- 
bons. 

o,. 

CO. 

CH4. 

H^ 

N,. 

Total 
gaseous 
com- 
bust- 
ible. 

per 
eubfo 
foot  of 
gas  at 

and  30- 
Inch 
prea- 
sure. 

• 

1 

S 

8 

4 

1 

f 

7 

8 

f 

10 

11 

U 

At  Burfoce  of  ftiel  bed . . . 

L-24 
L-40 
L-56 
M-24 
M-40 
M-56 
R-24 
R-40 
R-66 

7.5 
8.7 
5.1 
1.3 
L8 
&6 

ia5 

0.2 
11.6 

0.4 
.0 
.0 
.0 
.0 
.0 
.0 
.3 
.0 

4.2 

14.2 

.4 

.0 

12.0 

«.2 

6.5 

8.5 

1&8 

9.6 

.9 

83.1 

82.1 

.0 

7.6 

5.2 

.1 

1.4 
.4 
.0 
.2 
.0 
.0 
.3 
.9 
.0 

lOiO 
5.1 

.2 
3.6 
2.6 

.1 
3.1 
5.6 

.1 

61.0 
72.0 
79.6 
61.4 
63.5 
79.3 
75.3 
72.3 
79.7 

8a8 

15.1 

1.1 

36.9 

84.7 

.1 
11.0 
UO 

.2 

Do ; 

I 

Do 

Do 

Do 

Do 

Do 

•«••••«> 

Do 

Do 

1 

Average 

7.1 

.1 

5.5 

11.9 

.4 

3.4 

71.6 

15.8 

ai07 

ao8o 

11  inches  above  fuol  bed. 

L-24 
L-40 
L-56 
M-24 
H-40 
M-56 
R-24 
R-40 

R-n66 

ia6 

8.5 

14.0 

2.8 

ia2 

10.0 
8.8 
9.8 

11.5 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

5.4 

L2 

.8 

.2 

.3 

6.4 

&4 

6.8 

6.6 

8.1 

11.3 

4.0 

29.5 

16.0 

5.9 

1.0 

1.4 

.8 

.0 
1.9 
.1 
.2 
.0 
.1 
.0 
.2 
.0 

2.6 
9.9 
1.9 
4.4 
3.0 
1.6 
1.6 
1.2 
.2 

78.8 
67.2 
79.2 
62.9 
70.5 
76.0 
8Q.2 
80.6 
8Q.9 

5.7 

23.1 

6.0 

34.1 

19.0 

7.6 

2.6 

2.8 

LO 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Average 

9.6 

.0 

4.0 

8.1 

.8 

2.9 

75.1 

11.3 

a  018 

a284 

22  Inches  from  fuel  bed . 

M-24 
M-40 
M^ 

12.1 
12.1 
12.8 

.0 
.0 
.0 

1.7 
2.2 

3.2 

ia2 
&i 

5.6 

.1 
.1 
.0 

1.9 
1.5 
1.3 

74.0 
76.0 
77.1 

12.2 
9.7 
6.9 

Do 

Do 

^ 

Average 

12.3 

.0 

2.4 

&0 

.1 

1.6 

75.6 

9.6 

Section  A 

L-5 
L-16 
L-21 
M-5 
M-16 
M-21 
R-5 
R-16 
R-21 

15.6 
12.1 

.8 
15.1 
14.4 

.6 
13.3 
14.3 

.1 

.0 
.0 

.1 

.0 
.0 

.1 

.0 
.0 

.1 

2.0 

.2 

.0 

8.8 

2.3 

.0 

5.9 

2.0 

.1 

1.8 
&4 

82.7 
1.0 
5.7 

83.4 

.3 

2.0 

83.7 

.0 
.1 
.1 
.0 
.0 
.1 
.0 
.0 
.0 

.4 
8.4 
4.5 

.5 
1.4 
4.6 

.1 
L2 
4.2 

8Q.7 
75.8 
61.8 
79.5 
76.2 
61.2 
8a4 
79.9 
61.8 

1.7 
11.9 
87.8 

1.5 

7.1 

8&1 

.4 

3.8 
87.9 

Do 

Do 

Do 

Do 

Do 

Do 

Do 



Do 

Average 

14.2 

.0 

2.7 

8.2 

.0 

1.2 

7&7 

4.4 

a  014 

0. 160 

Section  C 

L-6 
L-16 
L-27 
M-5 
M-16 
M-27 
R-5 
R-16 
R-27 

14.6 
15.3 
14.3 
14.9 
14.4 
14.0 
12.1 
15.0 
13.9 

4.6 
3.1 
4.3 
8.5 
3.7 
8.9 
7.0 
3.2 
4.7 

.1 
.4 
.1 
.4 
.3 
.2 
.1 
.3 
.3 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.1 
.2 
.2 
.1 
.  .1 
.0 
.0 
.1 
.1 

80.6 
81.0 
81.1 
81.1 
81.5 
81.9 
8a8 
81.4 
81.0 

.2 
.6 
.3 
.5 
.4 
.2 
.1 
.4 
.4 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Average 

14.3 

•  •••«••* 

4.2 

.2 

.0 

.1 

81.2 

.3 

Section  E 

L-5 
1^16 
L-27 
M-5 
M-16 
M-27 
R-5 
R-16 
R-27 

13.8 
14.8 
14.9 
14.0 
14.7 
14.3 
13.7 
15.0 
11.7 

«•»•■••■ 

••••«•*• 

•«••••■• 
•■■>••*■ 

5.0 
3.8 
3.7 
4.8 
8.7 
4.5 
5.2 
8.4 
7.3 

.0 
.2 
.2 
.1 
.4 
.4 
.1 
.3 
.3 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

81.2 
81.2 
81.2 
81.1 
81.2 
8a8 
81.0 
81.3 
80.7 

.0 
.2 
.2 
.1 
.4 
.4 
.1 
.3 
.3 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Av«rage 

14.1 

■4.6 

.2 

.0 

.0 

8L1 

.2 
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TabIiB  S.^-RenUU  ofanalyns  o/individual  gas  taimplet  collected  in  ieet  188,  with  Pitts'- 
burgh  screenings.    Rate  of  combustion  38  pounds — Continued. 


Loca- 
tion of 
samples 
witUn 
section. 

Percentage,  by  volume,  of— 

Tar, 

per 
cubic 
foot  of 
fas  at 

and  30- 
inch 
pres- 
sure. 

Soot, 
grams 

Section  of  ftiniaoe  when 
sample  was  taken. 

COi. 

Unsat- 
mated 
hydro- 
cele 
bona. 

o,. 

CO. 

CH4. 

H,. 

N,. 

Total 
gaseous 
oom- 
bust- 
ible. 

per 
cubic 
foot  of 
gas  at 
8FFi 
and  30- 
inch 
pres- 
sure. 

1 

S 

8 

4 

1 

f 

7 

f 

9 

10 

U 

It 

SsrtionG 

L-5 
1^16 
L-37 
M-5 
M-16 
M-37 
R-5 
R-16 
R-27 

14.8 
15.0 
14.9 
14.8 
14.1 
14.9 
13.1 
15.0 
14.8 

3.5 
3.5 
3.6 
3.6 
4.3 
3.6 
5.4 
3.4 
3.5 

.3 
.2 
.3 
.3 
.2 
.3 
.1 
.3 
.4 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

81.4 
81.3 
81.2 
81.3 
81.4 
81.2 
81.4 
81.3 
81.3 

.3 
.2 
.3 
.3 
.3 
.3 
.1 
.3 
.4 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Average 

14.6 

3.8 

.3 

.0 

.0 

8L3 

.3 

Table  9. — Results  of  analysis  of  individual  gas  samples  collected  in  test  195,  with  Pitts- 
burgh screenings.    Rate  of  combustion  24  pounds. 


Loca- 
tion of 
sampler 
witfdn 
section. 

Percentage,  by  volume,  of— 

Tar, 
grams 

per 
cubic 
foot  of 
gas  at 

and  30- 
inch 
pres- 
sure. 

Soot, 

Seetion  of  furnace  where 
■ample  was  taken. 

CO,. 

Unsat- 
urated 
hydro- 
car- 
bons 

o,. 

CO. 

CH4. 

H,. 

N,. 

Total 
gaseous 
com- 
bust- 
ible. 

per 
cubic 
foot  of 
gas  at 

and  30- 
inch 
pres- 
sure. 

1 

S 

8 

4 

• 

f 

.  7 

8 

9 

10 

U 

12 

At  smfue  of  fuel  bea . . . 
Do 

L-24 
L-40 
L-66 
M-24 
M-40 
M-66 
R-24 
R-40 
R-56 

5.1 

13.6 

7.4 

3.7 

7.8 

13.9 

9.3 

10.4 

lao 

a4 

.0 
.0 
.0 
.0 
.0 

.1 
.1 

.2 

ao 

.5 

.2 

.2 

2.8 

5.0 

.4 

1.3 

.6 

32.2 
5.0 
16.9 
31.5 
16.6 
3.9 
16.5 

ia7 

8.1 

1.3 
.0 
.5 
.4 
.4 
.1 
.9 
1.0 
1.1 

11.8 
3.3 
9.5 
6.4 
3.3 
.7 
4.6 
6.1 
7.4 

59.3 
78.6 
65.5 
58.8 
70.3 
77.4 
68.3 
70.4 
73.0 

35.7 
7.3 
96.9 
38.5 
19.3 
4.7 
32.1 
17.9 
16.8 

a  190 

.023 
.038 

a2S9 
.194 

Do 

.344 

Do 

Do 

Do 

Do 

.059 
.006 

.0Q4 

.068 

Do 

.032 

Do 

.182 

Averaee 

8.9 

.1 

1.2 

14.6 

.6 

5.7 

68.9 

31.0 

.054 

.180 

U indies  above  fuel  bed. 
Do 

L-34 
L-40 
1^56 
M-24 
M-40 
M-5d 
R-24 
B-40 
R-56 

13.2 
7.8 

14.6 
6.3 

10.6 

12.6 

ia3 

8.9 
12.7 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

1.7 

.2 

.6 

.3 

1.9 

1.0 

6.2 

8.8 

3.1 

4.4 
17.9 

2.8 
23.8 
13.4 

las 

1.9 

.0 

3.0 

.4 

.5 
.0 
.1 
.3 
.3 
.6 
.0 
.2 

1.7 
6.5 
1.6 
4.3 
1.9 
1.7 
1.1 
.1 
1.1 

78.6 
67.1 
80.4 
65.3 
71.9 
74.3 
80.9 
82.3 
79.9 

6.5 
24.9 

4.4 
38.1 
15.6 
12.1 

3.6 
.1 

4.3 

.009 
.009 
.028 

.197 
.152 

Do 

.284 

Do 

Do 



Do 



Do 

.003 
.006 
.004 

.083 

Do 

.120 

Do 

.178 

Avenuw   ,       

10.8 

.0 

2.5 

8.6 

.3 

3.2 

75.6 

11.1 

.010 

.169 

22 indM  from  fuel  bed. . 

M-24 

M-40 
M-56 

11.7 
12.5 

ia8 

.0 

.1 

.0 

7.5 
6.9 
8.6 

1.3 
.4 
.3 

.0 
.0 
.0 

.2 
.3 
.0 

79.4 
79.9 
80.4 

1.4 
.7 
.2 

1 

Do 

1 

Do. 

ATBTMBB  -.••.••••.-• 

11.7 

.0 

7.7 

.6 

.0 

.1 

79.9 

.S 

\ 

—- . .  -  —  - 

M 

100 


COMBUSTION   OP  COAL  AND  DESIGN  OF  FUBKACES. 


Tablb  9. — Results  of  analysis  of  individual  gas  samples  collected  in  test  195,  with  Pitts- 
burgh screenings.    Kate  of  combustion  24  pounds — Continued. 


Loca- 
tion of 
sampler 
within 
section. 

Percentage,  by  volume,  of- 

— 

Tar. 
grams 
per 
cubic 
foot  of 
gas  at 
dO^F. 
and  30- 
inch 
pres- 
sure. 

Soot, 
grams 

Section  of  ftunaoe  where 
sample  was  taken. 

CO». 

Unsat- 
urated 
hydro- 
car- 
bons. 

o,. 

CO. 

CH4. 

H,. 

N«. 

Total 
gaseous 
com- 
bust- 
ible. 

per 
cubic 
foot  of 
gas  at 
60*  F. 
and  30- 
inch 
pres- 
sure. 

1 

t 

3 

15.1 
11.5 
13.7 
16.1 
14.2 
10.6 

4 

5 

2.4 
5.3 
.5 
1.7 
1.2 
1.1 

6 

7 

8 

.5 
.8 

1.5 
.7 
.8 

3.9 

9 

10 

U 

12 

Section  A 

1^10 
L-21 
M-10 
M-21 
B-10 
E-21 

.0 
.0 
.0 
.0 
.0 
.0 

.7 
2.7 
8.4 
2.7 
4.9 
8.4 

.0 
.1 
.2 
.1 
.3 
.5 

81.3 
79.6 
75.7 
78.7 
78.6 
75.5 

1.2 
3.6 

10.1 
3.5 
6.0 

12.8 

.003 
.001 
.002 
.001 
.003 
.013 

.07R 

Do 

.040 

Do 

.072 

Do 

.01)8 

Do 

.183 

Do 

.327 

Average 

13.5 

.0 

2.0 

4.6 

.2 

1.4 

78.3 

6.2 

.004 

.128 

Section  C 

L-6 
IM6 
1^27 
M-6 
li-16 
M-27 
R-  6 
R-16 
R-27 

12.3 
16.3 
15.5 
16.1 
16.8 
14.6 
14.7 
15.8 
15.3 

6.2 
1.3 
2.5 
2.1 
1,5 
3.0 
8.9 
2.2 
2.9 

.4 

.8 

.8 

1.0 

1.5 

1.0 

.6 

.7 

.4 

.0 
,0 
.0 
,0 

.1 

.0 
.0 
.0 
.0 

.0 
,2 
,2 
.5 
.5 
.6 
.1 
.2 
.3 

81.1 
81.4 
81.0 
803 
8a6 
80.8 
80.8 
81.1 
81.1 

.4 

I.O 

1.0 

1.5 

2.1 

1.6 

.6 

.9 

.7 

Do 

:..::. ..i::: 

Do 

1 

Do 

!..j 

Do 

Do 

Do 

I 

Do 

1 

Do 

1   - 

Ayerago 

15.2 

2.8 

.8 

.0 

.3 

80.0 

1.1 

1 

Section  E 

1^5 
1-16 
1-27 
M-5 
M-16 
M-27 
R-6 
R-16 
R-27 

13.1 
16.2 
16.2 
15.8 
16.0 
16.2 
16.4 
16.1 
16.1 

5.4 
1.4 
1.7 
2.9 
1.6 
1.6 
1.4 
1.1 
1.2 

.2 

.8 

.6 

.0 

.8 

.8 

1.3 

1.8 

1.8 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

.1 
.4 
.1 
.0 
.3 
.3 
.3 
.7 
.6 

81.2 

81.2 

81.4 

81.3, 

81.3 

81.1 

80.6 

80.3 

80.3 

.3 
1.2 
.7 
.0 
1.1 
1.1 
1.6 
Z6 
2.4 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

•*•"•"••"•"""••• 

Average 

15.8 

2.0 

.9 

.0 

.3 

81.0 

1.2 

' 

' 

Section  0...'. 

Lr-6 

1-16 
L-27 
M-6 
M-16 
M-27 
R-16 
R-27 

16.1 
15.1 
16.0 
15.8 
16.1 
16.4 
16.2 
15.7 

L6 

1.1 

.0 

.3 

80.0 

1.4 

Do 

Do 

1.7 
1.7 
1.3 
1.3 
1.0 
1.5 

.9 
1.1 
1.3 
M 
1.5 
1.5 

.0 
.0 
.0 
.0 
.0 
.0 

.2 

:! 

.4 

.6 
.5 

81.2 
81.1 
80.8 
80.8 
80.7 
80.8 

1.1 
1.4 
1.8 
1.5 
2.1 
2.0 

Do 

Do 

Do 

Do 

Do 



Average 

15.9 

1.4 

1.2 

.0 

.4 

81.1 

1.6 



Sections  A  to  G  are  vertical;  the  three  sections  preceding  section  A 
in  the  tables  are  nearly  horizontal  planes  parallel  to  and  directly  over 
the  surface  of  the  fuel  bed.  In  Table  8  the  first  group  of  nine  gas 
samples  was  taken  just  at  the  surface  of  the  fuel  bed;  the  second  group 
was  taken  11  inches  above  the  fuel  bed;  and  the  third  group  of  three 
samples  22  inches  above  the  fuel  bed.  In  column  2  the  letters  It,  M, 
and  R  stand  for  left,  middle,  and  right  sampler,  respectively.  The 
figure  following  each  letter  indicates  the  distance  of  the  intake  of  the 
sampler  from  the  inside  of  the  front  wall.  Thtus,  L-40  means  that 
the  sample  was  collected  with  the  sampler  on  the  left,  40  inches  from 
the  inside  of  the  front  wall.    The  position  of  the  left,  middle,  and 
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rig^t  samplers  is  shown  in  figure  4  (p.  15).  Only  three  samples  were 
collected  at  the  section  22  inches  above  the  fuel  bed. 

In  the  series  of  tests  shown  in  Table  9  only  six  samples  were 
collected  at  section  A,  because  the  samplers  were  constructed  for 
collecting  tar  and  soot  samples  and  for  that  reason  each  sampler 
contained  only  two  gas  sampling  tubes.  Beyond  section  A  every 
alternate  section  was  omitted  on  this  series.  The  position  of  the 
samplers  at  section  A  is  shown  in  figure  5  (p.  16).  The  position  of  the 
samplel*  in  the  furnace  and  the  distance  of  the  intake  of  the  sampler 
from  the  arch  is  designated  similarly  to  Table  8. 

All  the  sections  are  nearly  at  right  angles  to  the  path  of  the  gases; 
above  the  fuel  bed  where  the  gases  flow  nearly  vertically  the  sections 
aie  horizontal;  in  the  combustion  chamber  where  the  gases  flow 
horissontally  the  sections  are  vertical. 

Table  8  shows  that  even  beyond  section  A  in  the  combustion 
chamber  the  gases  tend  to  flow  in  stratified  streams,  apparently 
without  any  regard  to  their  specific  weight.  In  general,  near  the 
roof  of  the  combustion  chamber  the  gases  contain  high  percentages  of 
oxygen  and  very  little  combustible;  near  the  bottom  they  contain 
hi^  percentages  of  combustible  and  very  little  free  oxygen.  This 
rather  regular  distribution  of  oxygen  at  the  top  and  combustible 
gases  at  the  bottom  would  seem  to  indicate  that  there  is  a  pre- 
dominance of  horizontal  layers  in  the  stream  of  furnace  gases.  The 
vertical  layers  are  much  more  irregular,  showing  that  there  is  some 
change  of  gas  from  side  to  side. 

Hiis  predominance  of  horizontal  layers  in  the  furnace  gases  as  they 
flow  through  the  combustion  chamber  is  perhaps  shown  more  mark- 
edly in  Table  10,  which  gives  the  excess  of  air,  calculated  as  shown  on 
page  28,  for  each  sample  of  gas.  The  designation  of  the  position  of 
the  samplers  is  similar  to  that  in  Tables  3,  8,  and  9.  In  the  tests  of 
Table  10  no  samples  were  taken  before  section  A  and  no  tars  and  soot 
samples  were  collected.    Nine  gas  samples  were  collected  at  section  A. 

All  the  samples  collected  5  to  7  inches  below  the  arch  show,  as  a 
rule,  considerable  excess  of  air,  whereas  the  samples  collected  near  the 
bottom  show  small  excess  or  even  deficient  air  supply.  This  differ- 
ence in  the  excess  of  air  becomes  smaller  as  the  gases  flow  through  the 
combustion  space,  until  at  section  H  the  mixture  of  gases  becomes 
fairly  homogenous. 

Tables  4  and  10  demonstrate  that  it  is  much  more  difiicult  to 
obtain  the  average  gas  sample  than  it  is  to  analyze  it.  This  is  a 
similar  conclusion  to  the  one  arrived  at  from  tests  described  in 
Bulletin  97.« 

a  SaSslDgBr,  Heary,  and  Ovits,  F.  K.,  Sampliog  and  analysis  of  flue  gaaes;  Bull.  97,  Btxreaa  of  Mines, 
1915, 70  pp. 
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AOCURAOT  OF  AVE&AGE  COMPOSITION  OF  GAS  SAMPLES. 

The  average  composition  of  the  furnace  gases  at  any  section  was 
obtained  by  giving  all  the  samples  taken  at  one  section  equal  weight. 
The  individual  samplers  covered  approximately  equal  areas  of  tho 
cross  section;  and  if  the  velocity  of  the  gases  were  imiform  all  over 
the  section,  the  volumes  of  gases  sampled  by  each  sampler  would  be 
the  same,  and  an  arithmetical  average  woidd  give  the  true  composi- 
tion of  the  furnace  gases  at  the  section.  However,  it  is  certain  that 
such  was  not  the  case.  It  is  a  known  fact  that  when  gases  flow 
through  a  tube  of  either  square  or  circular  cross  section  the  velocity 
is  much  higher  at  the  center  than  it  is  near  the  walls.  Consequently 
one  may  safely  assume  that  in  the  combustion  chamber  the  gases 
moved  faster  through  the  center  than  along  the  walls.  Therefore  the 
central  sampler  was  taking  gas  from  larger  volumes  than  those  near 
the  walls.  To  obtain  the  correct  average  composition  of  gases,  the 
central  sampler  should  be  given  greater  weight.  However,  obtaining 
any  reliable  figures  of  the  respective  velocities  is  so  difficult  that  no 
attempt  was  made  to  correct  for  the  difference  in  velocity.  Usually 
eight  samples  were  taken  within  7  inches  of  the  walls  and  only  one 
in  the  center.  Even  by  giving  the  central  sample  double  weight  the 
average  would  be  changed  very  little. 

The  above  reasoning  and  conclusion  holds  true  for  the  sections 
beyond  A,  but  for  section  A  itself  the  conditions  are  somewhat  dif- 
ferent. On  account  of  the  V  shape  of  the  grate  tho  fuel  accumulates 
in  the  center  of  the  grate  to  a  thickness  of  12  inches  or  more,  partic- 
ularly in  the  rear.  The  result  is  that  the  bottom  three  samplers  at 
section  A  are  below  the  level  of  the  fuel  bed.  Inasmuch  as  section  A 
is  only  about  a  foot  from  the  rear  end  of  the  grate,  these  three  bot- 
tom samplers  are  in  a  space  behind  the  fuel  bed  where  the  gases  are 
eddying  and  have  a  very  low  forward  velocity  as  compared  to  the 
gases  near  the  roof  of  the  furnace.  Furthermore  this  comparatively 
quiet  place  back  of  the  fuel  bed  contains  practically  gases  as  they 
leave  the  fuel  bed  without  any  air  mixed  with  them,  all  the  addi- 
tional air  being  introduced  higher  up  above  the  fuel  bed.  The  air 
can  not  in  the  short  length  of  travel  reach  the  gases  in  this  quiet 
space.  As  a  result  of  these  conditions  the  bottom  three  samples 
contain  much  more  combustible  gas  than  the  samples  taken  higher 
up.  By  giving  the  bottom  samples  the  same  weight  as  those  higher 
up  the  average  is  too  high  in  combustible  gases.  There  is  no  reliable 
way  to  correct  this  error.  As  a  result  of  it  the  excess  of  air  computed 
from  the  average  analysis  of  section  A  will  be  too  low  and  may  make 
it  appear  that  air  has  been  introduced  between  sections  A  and  B. 

In  the  series  of  tests  of  Pittsburgh  screenings  only  six  gas  samples 
were  taken  at  section  A;  three  of  these  were  about  11  inches  and 
three  22  inches  below  the  arch.    It  is  believed  that  these  six  samples 
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gave  a  better  average  than  the  nine  samples  taken  in  the  tests  of  the 
other  three  series. 

BSLATION  BETWEEN  PBOPOBTIOK  OF  CO,  IN  THE  FtJBNACB  GASES 

AND  THE  EXCESS  OF  AIB. 

With  each  coal  there  is  a  definite  relation  between  the  percentage 
of  CO3  in  the  furnace  gases  and  the  excess  of  air  supplied  to  the  fur- 
nace, provided  that  the  amount  of  combustible  in  the  gases  is  neg- 
ligible. Figure  40  shows  such  a  relation  for  the  four  coals  tested. 
The  points  for  the  curves  are  obtained  by  plotting  the  values  of  col- 
umn 7  of  Table  3  as  ordinates  and  those  of  column  19  as  the  abscissas. 
All  the  values  are  based  on  samples  of  gases  taken  at  sections  G  or 
H.  All  four  groups  of  points  faU  closely  along  a  smooth  curve, 
showing  that  the  relation  is  definite  enough  to  be  of  practical  use. 

With  the  Pocahontas  coal  it  is  possible  with  5  per  cent  excess  of 
air  to  get  a  maximum  of  about  17  per  cent  of  CO,  in  the  furnace 
gases.  With  the  Pittsburgh  and  Illinois  coals  it  is  possible  to  obtain 
only  about  15  J  per  cent  as  the  maximum  with  about  10  per  cent 
excess  of  air.  When  the  air  is  reduced  below  these  minima,  the  per- 
centage of  (X),  drops  and  combustible  gases  appear  in  the  flue  gases. 
This  is  shown  by  the  one  point  in  the  group  of  the  Pocahontas  coal 
and  the  three  points  of  the  group  of  Pittsbiugh  screenings  at  the 
extreme  left  of  the  figure.  It  should  be  remembered  that  these  re- 
sults were  obtained  with  a  combustion  space  about  40  feet  long. 
With  the  combustion  space  shorter  such  high  percentages  of  CO, 
could  not  be  obtained.  With  very  small  combustion  space  the  maxi- 
mum CO,  content  obtainable  may  not  be  over  12  per  cent.  That 
the  advantages  of  lai^e  combustion  space  is  appreciated  by  modem 
furnace  designers  is  shown  by  the  fact  that  at  one  new  plant,  at 
Connors  Creek,  Detroit,  Mich.,  the  combustion  chamber  is  33  feet 
high. 

These  facts  and  the  discussion  presented  in  connection  with  figures 
35  to  39,  inclusive,  indicate  that  in  the  setting  of  horizontal  tubular 
boilers  the  practice  of  making  the  gases  hug  the  shell  to  increase  the 
oTer-all  efficiency  is  questionable.  Of  course,  by  squeezing  the  gases 
against  the  sheU  the  heat  transmission  from  the  gases  to  the  shell  is 
increased;  but  by  doing  so  the  furnace  is  robbed  of  many  cubic  feet 
of  combustion  space.  Rapid  cooling  of  the  gases  before  the  combus- 
tion is  complete  is  not  desired,  because  such  cooling  retards  combus- 
tion and  if  carried  too  far  may  even  prevent  it. 

ABLATION  BETWBBN  THB   PSBCBNTAGE  OF  CO  AND  THE  TOTAL 

COHBUSTIBLB  GASES. 

The  relation  between  the  percentage  of  CO  in  the  furnace  gases  and 
the  percentage  of  total  combustible  gases  is  definite  enough  to  be  of 
value  in  estimating  the  total  combustible  from  the  determination  of 

9ie62*— 17— BuU,  135 8 
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(X).    Such  relation  is  given  in  figure  41,  each  curve  applying  to  one 
of  the  four  coals  tested.    The  relation  varies  slightly  with  the  kind  of 
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FiauBB  40.— Relation  between  the  percentage  of  COs  In  the  gases  and  the  peroentage  of  excess  of  air  used 

In  combustion. 

coal.     Roughly  speaking  the  CO  constitutes  80  per  cent  of  the  total 
combustible  gases;  that  is,  when  the  CO  content  is  2  per  cent  the  con- 
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tent  of  total  combustible  gases  is  2.5  per  cent,  and  when  the  GO  con- 
tent is  0.8  per  cent  the  content  of  total  combustible  is  1.0  per  cent. 

The  combustible  gases  other  than  CO  consist  largely  of  hydrogen; 
CH^  and  the  unsaturated  hydrocarbons  constitute  a  very  smaU  part 
of  the  gases. 
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Figure  41.— Relatloii  between  peroentages  of  CO  and  Hs,  CHi,  and  total  gaaeoos  oombostlble  in  furnace 
gases.    Each  of  tbe  group  of  curves  Is  for  one  of  the  four  coals  tested. 

The  small  percentage  of  CH^  shown  in  the  figure  is  in  accordance 
with  the  nature  of  the  gas.  It  has  been  shown  by  various  investi- 
gators that  in  absence  of  air  methane  decomposes  readily  into  hydro- 
gen and  carbon  (soot)  at  high  temperatures  such  as  exist  in  furnaces. 

As  indicated  in  Table  11  (p.  113);  the  percentage  of  methane  that 
is  stable  at  the  high  furnace  temperature  is  very  low.  It  is  doubtful 
if  methane  under  ordinary  furnace  conditions  ever  reaches  equilib- 
rium.   The  methane  content  of  the  gases  leaving  the  fuel  bed  is 
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probably  much  higher  than  that  corresponding  to  equihbrium  con- 
ditions, and  its  amount  is  rapidly  reduced  both  by  combustion  and 
decomposition. 

BBLA.TION  BETWEBN  CO  CONTENT  IN  OASBS  AND  AKOUNT  OF 

UNDEVELOPED  HEAT. 

Inasmuch  as  there  is  a  close  relation  between  the  proportion  of  00 
and  the  total  gaseous  combustible  in  the  furnace  gases,  there  is  simi- 


1.0  1.5 

00.  PER  CENT  BY  VOLUME 

FiaUBK  42.— Rdstion  between  CO  content  in  fiirnace  gases  and  heat  loss  due  to  the  escape  of  aU  unbumed 


larly  a  close  relation  between  the  CO  content  and  the  undeveloped 
heat  of  the  gaseous  combustible.  This  relation  is  definite  enough  so 
that  the  percentage  of  CO  can  be  used  to  determine  the  heat  losses  due 
to  the  escape  of  all  the  unbumed  combustible  gases  from  the  fumaoe. 
Figure  42  shows  this  relation  graphically.  The  ordinates  of  the  figure 
are  the  xmdeveloped  heat  of  the  combustible  gases  expressed  in  per- 
centage of  the  total  heat  in  the  coal,  and  the  abscissas  are  the  per- 
centage of  CO  in  the  furnace  gases.    Each  of  the  three  curves  show 
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this  relation  for  one  constant  air  excess,  or  percentage  of  CO,  in  the 
furnace  gases. 

Thus^  supposing  that  the  gases  co'ntain  0.6  per  cent  of  CO  and  14.3 
per  cent  of  CO,,  or  that  the  air  excess  is  25  per  c^it,  what  is  the  total 
heat  loss  ?  Starting  from  the  point  0.6  on  the  scale  at  the  bottom 
of  figure  42,  follow  the  vertical  line  to  its  intersection  with  the  lowest 
curve;  then  from  this  point  follow  the  horizontal  line  to  the  scale  at 
the  left,  which  gives  the  heat  loss  as  3  per  cent  of  the  total  heat  in 
the  coal. 

If  the  gases  contain  10.3  per  cent  of  CO,  and  0.8  per  cent  of  00, 
then  the  vertical  line  representing  0.8  per  cent  CO  is  followed  to  the 
highest  curve,  and  from  this  intersection  point  a  horizontal  line  is 
foQowed  to  the  scale  at  the  left,  which  indicates  the  heat  loss  to  be 
5.1  per  cent  of  the  total  heat  in  the  coal.  Similarly,  if  the  content 
of  CO,  in  the  furnace  gases  is  12.2  per  cent  the  middle  curve  is  used 
for  the  determination  of  the  heat  loss. 

TEHPSBATUBS  DBOP  ALONG  THB  PATH  OF  GASES  IN  THE  LONG 

COHBTTSTION  CHAHBEB. 

Column  17  of  Table  3  shows  that  there  is  a  steady  temperature 
drop  along  the  path  of  gases  from  section  A  to  section  O.  Tina  tem- 
perature drop  is  mainly  due  to  the  following  causes: 

(a)  Some  heat  is  absorbed  from  the  products  of  combustion  by  the 
water  in  the  gas-sampling  tubes. 

(&)  Some  heat  is  radiated  from  the  walls  and  roof  of  the  furnace. 

{e)  Some  heat  is  radiated  to  the  opening  under  the  boiler. 

(d)  The  temperature  measured  at  section  A  is  too  high  because 
the  pyrometer  was  sighted  on  the  flames,  which  were  at  a  higher 
temperature  than  the  gases. 

HEAT   ABSORBED  BY  WATER  IN  OAS   SAMPLERS. 

The  heat  absorbed  by  the  cooling  water  in  the  gas  samplers  is  by 
far  the  greatest  cause  of  the  temperature  drop  from  A  to  O  as  shown 
by  actual  determination  in  test  179.  The  weight  of  water  circulated 
through  the  samplers  per  hour  as  measured  by  a  meter  was  34,760 
pounds.  The  rise  in  temperature  of  the  water  due  to  the  absorption 
of  heat  from  the  furnace  was  44  F.  The  total  heat  absorbed  and 
carried  away  by  the  water  was  34,760  X  44  =  1,529,440  B.  t.  u.  The 
weight  of  gases  passing  through  the  furnace  per  hour,  figured  from 
the  gas  analysis  and  the  rate  of  combustion,  was  28,320  pounds.  If 
the  average  specific  heat  of  gases  at  the  furnace  temperature  be  taken 
as  0.2774,  the  heat  given  up  by  the  gases  for  each  degree  of  tempera- 
ture drop  is  28,320  X  0.2774  =  7,856  B.  t.  u.  Therefore  the  tempera- 
tore  drop  caused  by  the  loss  of  1,529,440  B.  t.  u.  to  the  gas  samplers  is 
1,529,440^7,856  =  195^  F.  or  109^0. 
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The  high  rate  at  which  these  samplers  absorbed  heat  is  worthy  of 
note.  The  quantity  of  heat  absorbed  by  the  samplers  per  hour  is 
equivalent  to  a  rate  of  heat  absorption  of  l,529,440-^33,300  =  46 
boiler  horsepower. 

There  were  16  samplers,  eSstch  1^  inches  in  outside  diameter  and  23 
inches  in  length,  exposed  to  the  furnace  gases.  This  gives  a  total 
heating  surface  of  a  little  under  10  square  feet.  Each  square  foot 
of  the  heating  surface  transmitted  an  amount  of  heat  equivalent  to 
4.6  boiler  horsepower,  or  one  horsepower  was  generated  on  less  than 
0.22  square  foot  of  heating  surface. 

These  figures  compare  favorably  with  the  figure  0.357  square  foot 
of  heating  surface  per  boUer  horsepower,  which  is  the  rate  of  heat 
transmission  of  the  lowest  row  of  boiler  tubes  at  the  point  where  the 
hot  products  of  combustion  first  come  in  contact  with  the  boiler,  as 
determined  in  tests  described  in  Technical  Paper  114.<*  This  rate 
was  computed  from  the  measured  temperature  drop  through  the 
metal  of  the  tube.  The  difference  between  the  two  figures  is  in  the 
right  direction.  It  stands  to  reason  that  the  samplers  absorb  more 
heat  than  boiler  tubes  because  the  temperature  in  the  furnace  is 
higher  and  more  heat  is  imparted  to  them  by  radiation  than  to  the 
boiler  tube. 

RADIATION   LOSSES   FROM   WALLS   AND   ROOF  OF  FURNACE. 

In  furnace  tests  described  in  Bulletin  8,'*  it  is  shown  that  about 
465;600  B.  t.  u.  is  radiated  from  the  walls  and  the  roof  of  the  furnace 
per  hour.  This  radiation  loss  reduces  the  temperature  of  the  gases 
by  465,600-5-7,866  =  59°  F.  or  33**  C. 

The  heat  absorbed  by  the  cooling  water  in  the  gas  samplers  and 
the  heat  radiated  account  for  141®  C.  of  the  temperature  drop  of 
the  gases  at  the  end  of  the  combustion  chamber.  There  is  still  a 
drop  of  about  59®  C.  to  be  accounted  for. 

HEAT  RADIATED  TO   OPENING  UNDER   BOILER. 

Part  of  this  imaccounted  for  temperature  drop  of  59®  C.  is  due 
to  heat  radiation  from  the  fuel  bed  and  flames  to  the  opening  under 
the  Heine  boiler.  The  surfaces  of  the  space  under  the  boiler  are  at 
a  considerably  lower  temperature  than  the  flames  at  section  A  of 
the  furnace.  On  account  of  tlus  temperature  difference  the  flames 
impart  heat  by  radiation  to  these  surfaces.  The  radiation  is  both 
direct,  as  shown  by  the  straight  Une  in  figure  43,  and  reflected,  as 
shown  by  the  zigzag  lines.     In  the  latter  instance  the  heat  is  radiated 

a  Kreisinger,  Henry,  and  Barkley,  J.  F.,  Heat  transmission  through  boiler  tubes:  Tech.  Paper  114, 
Bunaa  of  mnieB,  1915,  p.  25. 

b  Ray,  W.  T.,  and  KreiaiDger,  Hanry,  The  flow  of  heat  through  fumaoe  waUa:  Bull.  8»  Bureau  of  Mines, 
1011,82  pp. 
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from  wall  to  wall  owing  to  the  difference  of  temperature  between 
successive  portions  of  the  inner  surfaces.  In  figure  43  these  de- 
scending temperature  steps  are  indicated 
by  Tp  T„  T,,  and  T^.  Of  course;  in  real- 
ity there  are  no  such  sudden  steps;  the 
high  temperature  gradually  shades  down 
through  an  infinite  number  of  interme- 
diate temperatures.  The  heat  also  travels 
ia  a  similar  zigzag  manner  by  actual 
reflection  from  the  surfaces  as  light  does 
from  smooth  objects.  It  ia  difficult  to 
estimate  the  quantity  of  heat  transmitted 
from  the  flames  to  the  surfaces  under  the 
boiler,  and  the  corresponding  temperature 
drop  due  to  it;  probably  it  does  not  ex- 
ceed 25**  C. 

• 

TEMPERATURE  OF  FLAMES  AT  SEGTIOK  A 
HIGHER  THAN  AVERAQE  TEMPERATURE 
OF  OASES   AT  THE   SAME   SECTION. 

As  the  particles  of  combustible  bum, 
the  heat  generated  by  their  combustion 
raises  the  temperatiu*e  of  the  particles 
immediately  surrounding  those  in  the 
process  of  combustion  above  those  farther 
away,  and  time  is  required  before  the  tem- 
perature is  equalized.  Thus,  the  flames 
contain  centers  of  combustion  with  tem- 
peratures higher  than  the  average  tempei^ 
ature  of  the  gases  at  the  same  cross 
section.  When  an  optical  pyrometer  is 
used  for  measuring  the  temperature,  the 
instrument  imavoidably  covers  with  its 
field  some  of  these  centers  of  intense  com- 
bustion and  gives  A»a  reading  somewhat 
higher  than  the  average  temperature.  It  is  difficult  to  estimate  the 
error  due  to  this  cause,  but  in  most  of  the  measurements  it  probably 
is  not  over  50**  F. 

The  temperature  drop  due  to  the  first  three  causes  mentioned  is 
less  as  the  rate  of  combustion  increases.  Thus  comparison  of  figures 
11  and  12  show  that  in  test  179  having  a  rate  of  combustion  of  59 
pomids  the  drop  ia  much  less  than  in  test  173  having  a  rate  of  com- 
bustion of  39  pounds. 


FiauBS  43.— Diagram  showlog  tem- 
perature drop  Irom  radiation. 
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DlSCnSSIOV  OF  THE  PBOCESS  OF  COHBITSTIOV  ABOVE  THE 
FUEL  BED. 

The  weights  of  the  combustible  ga^es,  tar,  and  soot  in  the  furnace 
gases  for  a  number  of  tests  with  Pittsburgh  screenings  are  shown  iu 
Table  11  following; 

Tablb  11. — RaulU  ihovnng  weiqhU  of  errnibtat&U  gata,  lor,  and  toot  riting  from  fuel 

hid,  in  gramt  per  mine  foot  of  gat  at  60"  F.  andaOincKtfprettu'f. 

[All  leiUiaiule  with  Pittsbnrgb  scrcenbigi.) 
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Tabls  11. — Rendu  showing  weights  of  combustible  gases,  tar,  and  soot  rising  from  fuel 
bed  J  in  grams  per  cubic  foot  of  gas  at  $0°  F,  and  30  inches  />r«s<ure— Continued. 
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The  last  column  of  Table  11  shows  that  of  the  combustible  matter 
rising  from  the  fuel  bed,  roughly  12  per  cent  is  in  the  form  of  tar  and 
soot.  Immediately  at  the  surface  of  the  fuel  bed  the  quantity  of  tar 
is  large^  but  decreases  rapidly  as  the  gases  pass  through  the  com- 
bustion space.  On  the  other  hand,  the  soot  increases  during  the 
first  foot  of  the  gas  travel.  This  fact  is  shown  in  figure  44,  compiled 
from  tests  made  with  Pittsburgh  screenings.  In  the  left  half  of  the 
figure  the  tests  are  grouped  according  to  rate  of  combustion  regardless 
of  air  supply.  In  the  right  half  of  the  figure  the  tests  are  grouped 
according  to  excess  air  supply  regardless  of  the  rate  of  combustion. 
The  object  of  grouping  the  tests  together  was  to  avoid  the  plotting  of 
too  large  a  number  of  curves,  and  also  to  bring  out  better  the  general 
relation  between  soot  and  tar  at  the  different  places  of  sampling, 
llie  results  of  individual  tests  vary  so  much  among  themselves  that 
the  general  tendency  is  not  easily  apparent.  Furthermore,  it  was 
thought  desirable  to  bring  out  the  effect  of  the  rate  of  combustion 
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^346 
AVERAGE  LENGTH  OP  GAS  TRAVEL  FROM  SURFACE  OF  FUEL  BED.  FEET 

FiovBB  44.— Weight  of  soot  and  tar  in  funiaoe  gaaes  at  the  surfeoe  of,  1  foot  from,  and  an  averaf^  of  5  feet 
from  the  fuel  bed.  Tests  made  with  Ptttsborgh  scraeniDgs.  Tests  at  left  are  grouped  aooordins  to 
rate  of  combustion  regardlea  of  airfapply;thoBeatilghtan  groapadaooordlngtoalrsuj^ncudtoHof 
xattof  oomboitlQiL 


DISCUSSION  OF  MISCELLANEOUS  DATA.  115 

and  the  excess  of  air  on  the  quantity  of  tar  and  soot  if  any  such  effect 
existed.  The  abscissa  in  the  figure  is  the  length  of  gas  travel  from 
the  gratOy  the  ordinates  are  grams  of  soot  or  tar  per  cubic  foot  of  gas. 
The  weight  of  tar  and  soot  was  obtained  from  samples  collected  as 
described  on  page  20. 

In  general  an  increase  in  the  rate  of  combustion  and  in  the  excess 
of  air  is  accompanied  by  a  decrease  in  the  quantity  of  soot,  and 
particularly  in  the  quantity  of  tar.  With  all  rates  of  combustion 
and  all  excess  of  air  there  is  a  large  decrease  in  the  quantity  of  tar 
and  a  moderate  increase  in  the  quantity  of  soot  during  the  first  foot 
of  the  lengtli  of  gas  travel.  This  last  statement  is  true  of  four 
groups  out  of  five.  This  decrease  in  the  quantity  of  tars  and  in- 
crease in  the  quantity  of  soot  seems  to  indicate  that  the  volatile 
matter  leaves  the  fuel  bed  as  heavy  hydrocarbons  mostly  in  the  form 
of  tars.  These  tars  are  decomposed  by  the  high  furnace  tempera- 
ture and  the  absence  of  oxygen  into  soot  and  lighter,  mostly  gaseous 
hydrocarbons.  The  process  of  the  decomposition  of  the  hydrocar- 
bons very  likely  consists  of  a  number  of  consecutive  reactions,  each 
step  of  which  is  accompanied  by  the  deposition  of  soot  and  forma- 
tion of  lighter  hydrocarbons.  This  process  of  decomposition  is  com- 
pUcated  by  the  presence  of  CX)),  which  reacts  with  soot  and  combus- 
tible gases  and  is  itself  reduced  to  CO.  Some  of  the  possible  reduc- 
tions are  indicated  by  the  chemical  equations  on  page  124.  The 
decomposition  and  reduction  proceed  toward  the  simple  gases 
CO  and  H,.  This  view  is  supported  by  the  fact  that  samples  col- 
lected at  section  A  contain  only  a  trace  of  tars  and  CH^,  and  a  con- 
siderable percentage  of  CO  and  H,.  Of  course,  the  process  of  com- 
bustion takes  place  along  with  the  process  of  decomposition  as  far 
as  the  supply  of  oxj^en  and  the  mixing  makes  combustion  possible. 
However,  it  would  be  difficult  to  account  for  the  absence  of  tarry  and 
gaseous  hydrocarbons  and  the  high  percentages  of  CO  and  H,  at 
section  A  without  decomposition  and  reduction;  for,  if  combustion 
alone  is  considered,  the  simple  gases  CO  and  H,  would  bum  first, 
leaving  the  heavier  compounds  to  be  consumed  last. 

The  length  of  time  in  which  the  tars  are  decomposed  into  soot 
and  gases  is  very  short.  At  the  rate  of  combustion  of  30  pounds 
per  square  foot  of  grate  per  hour  the  gases  travel  with  a  velocity  of 
about  10  feet  per  second.  As  most  of  the  tars  disappear  during 
the  first  foot  of  the  gas  travel  from  the  fuel  bed,  the  time  taken  for 
the  decomposition  of  the  tar  is  about  one-tenth  of  a  second.  This 
high  rate  of  decomposition  is  imdoubtedly  due  to  the  high  tempera- 
ture near  the  fuel  bed,  which  in  the  tests  was  probably  not  less  than 
1500^  C. 
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SMOKB  IS  FOBJCBD  AT  0&  KBA&  ST7BFACB  OF  THB  FUEL  BBD. 

In  the  light  of  the  preceding  discussion  it  appears  that  the  soot, 
which  is  the  main  constituent  of  visible  smoke,  is  formed  at,  or  very 
near,  the  surface  of  the  fuel  bed  and  not  at  the  place  where  the  fur- 
nace gases  strike  the  heating  surfaces  of  the  boiler.  The  heating 
surfaces  merely  cool  the  gases  surrounding  the  soot,  thereby  pre- 
ventiog  its  combustion.  The  formation  of  soot  at  the  surface  of 
the  fuel  bed  is  caused  by  the  high  furnace  temperature  and  absence 
of  oxygen.  It  is  possible  that  if  oxygen  was  present  in  siifficient 
quantity  at  the  time  of  distillation  of  volatile  matter,  the  heavy 
hydrocarbons  would  bum  directly  to  products  of  complete  com- 
bustion, CO2  and  H3O,  without  first  decomposing  and  depositing 
soot. 

The  different  processes  that  may  take  place  according  to  whether 
the  volatile  matter  is  distilled  in  the  presence  of  different  concen- 
trations of  oxygen  or  in  its  entire  absence  can  be  illustrated  by  the 
known  behavior  of  methane  at  high  temperature. 

In  the  presence  of  a  sufficient  supply  of  oxygen  methane  bums 
completely,  according  to  the  equation: 

With  insufficient  supply  of  oxygen  partial  combustion  and  de- 
composition of  methane  take  place,  which  processes  are  represented 

by  the  equations: 

(^)  CH4-|-Oa=CH,0-|-HaO 

(S)  CH4=C-|-2Ha 

In  complete  absence  of  oxygen  only  the  process  expressed  by 
equation  S  takes  place.     The  carbon  precipitates  as  soot. 

With  the  heavy  hydrocarbons  the  effect  of  the  concentration  of 
oxygen  is  probably  more  pronounced  because  of  the  great  multi- 
plicity of  simpler  compounds  into  which  they  can  be  decomposed. 

After  the  soot  has  once  been  formed  it  is  difficult  to  bum  it  in  the 
atmosphere  of  the  furnace.  This  fact  has  been  observed  by  many 
investigators,  and  some  of  the  early  writers  on  combustion  even 
considered  soot  as  noncombustible.  At  present  no 'support  can  be 
found  for  this  extreme  view,  as  it  can  be  easily  shown  that  soot 
bums  readily  if  oxygen  is  furnished  in  highly  concentrated  form. 
For  example,  if  soot  is  mixed  in  the  right  proportion  with  potassium 
chlorate  and  the  mixture  thrown  on  a  porcelain  plate  heated  to 
about  500°  C,  the  soot  bums  almost  instantaneously  with  a  bright 
flash.  Also,  if  soot  is  placed  in  a  bomb  calorimeter  and  surrounded 
with  an  atmosphere  of  compressed  oxygen,  and  a  source  of  ignition 
appUed,  it  bums  completely  in  a  very  short  time. 
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CAUSES  OF  THE  SLOW  BTTBNINa  OF  SOOT  IK  A  FUBNACE. 

The  soot  bums  very  slowly  in  the  furnace  gases  because  the  oxygen 
is  greatly  rarified,  the  gases  containing  only  a  few  per  cent  of  free 
oxygen;  it  bums  rapidly  in  the  bomb  calorimeter  or  in  mixture 
with  potassium  chlorate  because  it  is  surrounded  with  highly  con- 
centrated oxygen  ready  to  combine  with  it. 

As  a  matter  of  f act,  all  combustible  substances  bum  slowly  in  an 
atmosphere  of  highly  diluted  oxygen,  but  in  the  case  of  soot  this  slow- 
ness i^  much  more  pronounced.  The  reason  for  the  very  slow  com- 
bustion of  soot  in  highly  diluted  oxygen  probably  lies  in  its  complex 
molecular  structure.  It  is  commonly  supposed  that  a  molecule  of  soot 
consists  of  a  considerable  number  of  atoms,  and  that  a  similarly  large 
number  of  molecules  of  oxygen  is  required  to  come  in  contact  with 
the  molecule  of  soot  before  the  latter  can  combine  with  the  oxygen. 
The  chances  of  the  molecule  of  soot  finding  this  large  number  of  mole- 
cules of  oxygen  in  the  furnace  gases  are  small,  and  hence  the  slow  com- 
bustion. Thxk3  assuming  the  molecule  of  soot  to  consist  of  12  atoms 
and  represented  by  the  symbol  Q^,  there  will  be  required  12  mole- 
cules of  oxygen  to  bum  the  one  of  soot.  The  reaction  for  the  combus- 
tion of  the  soot  may  be  expressed  by  the  formula  C^  + 12  O^  =  I2CO2. 
For  comparison  the  reaction  for  the  combustion  of  CO  is  given  in  the 
following  equation,  2  CO  -h  O,  =  2  CO,. 

It  is  easy  to  understand  that  the  two  molecules  of  CO  can  find  one 
molecule  of  oxygen  in  the  fm'nace  gases  much  more  quickly  than  one 
molecule  of  soot  can  find  12  molecules  of  oxygen.  Therefore  simple 
gases  like  CO  and  H,  bum  quickly  in  the  furnace,  because  they  more 
readily  find  the  small  amount  of  oxygen  needed  for  their  combustion  ; 
whereas  the  more  complex  combustible  like  soot  biUTis  slowly  because 
it  can  not  readily  find  enough  oxygen  to  effect  its  combustion. 

In  general,  it  may  be  said  that  the  more  complex  a  molecule  of  com- 
bustible is,  the  slower  is  its  combustion  in  any  given  concentration  of 
oxygen. 

At  present  nothing  is  known  of  the  molecular  structure  of  soot  ; 
the  number  12  has  been  taken  only  for  illustration.  There  are  indi- 
cations that  the  actual  index  number  is  higher  than  12  rather  than 
lower.  Experience  with  burning  soft  coal  shows  that  if  soot  is  once 
fonned  a  large  percentage  remains  floating  in  the  gases  after  all  other 
gaseous  combustible  has  been  almost  completely  burned.  In  a  hand- 
fired  furnace  analysis  of  the  flue  gases  will  sometimes  show  no  CO 
when  at  the  same  time  black  smoke  is  coming  out  of  the  stack.  Even 
a  very  large  combustion  space  is  not  an  imf ailing  solution  for  burning 
soot,  without  a  large  excess  of  air.    In  the  experimental  furnace  hav- 
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ing  a  long  combustion  chamber,  when  a  shovelful  of  coal  was  spread 
over  the  fuel  bed  the  smoke  traveled  the  full  length  of  the  combustion 
chamber  and  came  out  of  the  stack  in  spite  of  the  apparent  w^hirling 
motion  of  the  gases  and  the  high  temperature  in  the  combustion 
space. 

BEA80N  FOB  SXTCCBSS  OF  MBCHAKICAL  STOKERS  IN  BTJBNINa 

SOFT  COAL  WITHOT7T  SHOKE. 

It  seems  that  most  mechanical  stokers  are  smokeless  not  because 
they  burn  the  smoke,  but  because  they  bum  the  coal  in  such  a  way 
that  very  little  soot  or  smoke  is  produced.  Hand-fired  furnaces  are 
smoky  because  soot  is  produced  in  or  near  the  fuel  bed,  and  can  not 
be  burned  in  the  limited  combustion  space  of  the  furnace. 

Two  of  the  most  important  conditions  that  make  mechanical 
stokers  successful  in  burning  smoky  coal  without  smoke  probably  are: 
(a)  Slow  and  uniform  heating  of  the  coal  with  the  result  that  a  large 
part  of  the  volatile  matter  is  distilled  at  low  temperature,  and  (b)  dis- 
tillation of  the  volatile  matter  occurs  in  presence  of  oxygen. 

The  great  advantage  of  imiform  feeding  of  coal  and  air  with  me- 
chanical stokers  is  pointed  out  and  discussed  in  Technical  Paper  80^ 
and  is  generally  known,  so  that  no  space  need  be  devoted  to  it  in  this 
discussion. 

DISTILLATION  OF  VOLATILE  MATTER  AT  LOW  TEMPERATURE. 

Distillation  at  low  temperatures  favors  the  formation  of  light  hy- 
drocarbons of  the  paraffin  series  which  contain  more  hydrogen  and  less 
carbon  than  the  hydrocarbons  of  the  aromatic  group,  which  are  dis- 
tilled at  high  temperature.  The  hydrocarbons  of  the  paraffin  series 
are  more  stable  at  high  temperatures  and  on  account  of  their  higher 
hydrogen  content  are  more  apt  to  bum  completely  without  deposit- 
ing soot  than  the  compoimds  containing  more  carbon.  It  requires 
one  molecule  of  oxygen  to  burn  completely  one  atom  of  carbon, 
whereas  one  molecule  of  oxygen  bums  completely  four  atoms  of 
hydrogen.  Thus  of  two  compounds  having  the  same  number  of  atoms 
in  a  molecule,  the  one  having  more  hydrogen  requires  less  oxygen 
for  its  combustion,  and  therefore,  in  the  same  concentration  of  oxygen 
will  bum  more  readily.  Instead  of  the  volatile  matter  being  dis- 
tilled as  a  heavy  hydrocarbon  of  the  composition,  say,  CibH,,  and  then 
reduced  to  3  CH«  by  dropping  Cj,,  the  volatile  matter  should  be  dis- 
tilled as  light  hydrocarbons,  sudi  as  CH^,  and  the  carbon  left  in  the 
fuel  bed  as  fixed  carbon,  in  which  form  it  can  be  bimied  without  any 
trouble  to  CO,  or  CO.     In  the  atmosphere  above  the  fuel  bed  it  is 

a  Kreisingerf  Henry,  Hand-firing  soft  ooal  und«r  power-plaat  boUera:  Tech.  Paper  80,  Btinau  of  Mines, 
1916,  p.  1& 
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much  easier  for  &  molecule  of  CH^  to  find  two  molecules  of  oxygen 
for  its  combustion  than  it  is  for  a  molecule  of  C^jHi,  to  find  its  re- 
quirement of  18  molecules.  The  general  formulas  of  the  more  com- 
mon hydrocarbon  compounds  are  given  in  the  table  following: 

Some  of  the  mare  common  hydrocarbons  arranged  in  order  ofdeereaaing  contents  of 

hydrogen. 


Unfiatuiated  hydrocarbons. 
Aromatic  hydrocarbons 


Conipoiiiid.  Fornmla. 

Paraflizis ^11^2044 

Olefins  (ethylene) CaHjn 

Acetylene CnHan-a 

Benzene ^DHan-* 

Naphthaline CnHjn-u 

Anthracine CnHan-w 

In  the  above  table  attention  is  called  to  the  decrease  of  the  hydro- 
gen contents  as  we  pass  from  paraffins  through  the  imsaturated  and 
aromatic  hydrocarbons  to  the  anthracine.  If  these  formulas  be  con- 
sidered as  purely  arithmetical  formulas  it  is  plain  that  in  the  anthra- 
cines  the  n  can  not  be  less  than  10,  whereas  in  the  case  of  paraffins 
n  is  as  low  as  1,  which  gives  the  formula  of  methane,  CH^,  which  is 
the  lightest  hydrocarbon  and  bums  more  readily  than  any  other 
carbon-hydrogen  compound.  A  molecule  of  methane  needs  for  its 
complete  combustion  two  molecules  of  oxygen,  as  shown  by  equa- 
tion 1  following: 

(1)  CH4+20a=COa+2H20. 

On  the  other  hand,  the  lightest  anthraciae  imaginable  would  be 
CjoH2>  which  would  take  not  less  than  11  oxygen  molecules.  The 
lightest  anthracine  known  is  Ci^Hjo,  which  bums  according  to  aqua- 
tion 2, 

That  is,  to  bum  two  molecules  of  anthracine  would  require  33  mole- 
cules of  oxygen. 

The  preceding  discussion  shows  the  advantage  of  distilling  volatile 
matter  at  low  temperatures  producing  mostly  paraffins  or  other  hy- 
drocarbons having  light  molecules.  The  furnace  should  be  so  de- 
signed that  the  distillation  takes  place  at  low  temperature.  After 
the  volatile  matter  is  distilled  air  should  be  added  and  the  mixture 
then  passed  through  a  hot  chamber. 

DISTILLATION  OP  THE  VOLATILE  MATTER  IN  PRESENCE  OF  OXYGEN. 

The  principal  methods  of  feeding  coal  and  air  in  commercial  fur- 
naces are  indicated  in  figure  45.  In  the  hand-fired  furnace  (A)  the 
air  first  comes  in  contact  with  the  partly  burned  coal  at  the  bottom 
of  the  fuel  bed  containing  no  volatile  matter.  Before  the  air  reaches 
the  distillation  zone  at  the  top  of  the  fuel  bed  all  the  oxygen  is  prac- 
tically used,  so  that  the  distillation  occurs  in  absence  of  oxygen. 
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The  heat  is  imparted  to  the  freshly  fired  coal  hy  conduction  and  by 
radiation  from  the  hot  fuel  bed  below,  by  convection  from  the  hot 
gasea  passing  through  it,  and  by  radiation  from  the  hot  furoace  walls 
and  fire-brick  arches,  if  there  happen  to  he  any.  Therefore  the  beat- 
ing of  the  fresh  coal  is  very  rapid.    Id  the  side-feed  types  of  stoker 


IS 


sNX^-^X-^' 


(B  and  C)  the  distillation  zone  extends  the  full  thickness  of  the  fuel 
bed,  and  the  air  comes  in  contact  with  the  fresh  coal  before  the  oxy- 
gen is  all  used,  so  that  the  distillation  occurs  in  an  oxidizing  atmos- 
phere. The  heat  is  imparted  to  the  fresh  coal  by  conduction  and 
radiation  from  the  hot  coal  in  front,  and  by  radiation  from  the  hot 
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fomace  walb  and  arches.  No  heat  is  imparted  by  conyection  from 
the  air  passing  through.  Therefore  the  heating  is  slower  (ihan  in  a 
hand-fired  furnace.  In  the  underfeed  type  of  stoker  (D)  the  air  and 
coal  is  fed  into  the  furnace  in  the  same  direction,  so  that  the  distilla- 
tion occurs  in  air  with  its  content  of  oxygen  previously  undiminished 
by  combustion.  The  same  is  true  in  the  burning  of  pulverized  coal. 
In  the  underfeed  stoker  the  heating  of  the  coal  takes  place  only  by 
conduction  and  radiation  from  the  upper  layers  of  the  fuel  bed, 
agaiast  the  convection  from  the  stream  of  cold  air.  The  heating  is 
therefore  slow. 

A  study  of  figure  45  will  show  that  in  most  of  the  common  t3rpes  of 
mechanical  stokers  the  distillation  of  volatile  matter  occurs  in  the 
presence  of  ozygeUy  whereas  in  hand-fired  furnaces  the  distillation 
takes  place  in  ahnost  entire  absence  of  oxygen,  all  of  the  latter  being 
consumed  as  it  passes  through  the  fuel  bed.'*  Even  if  there  should 
besome  tendency  to  decomposition  with  the  mechanical  stokers,  the 
presence  of  large  percentiles  of  oxygen  at  the  point  of  distillation 
makes  it  possible  for  the  hydrocarbons  to  react  with  oxygen  before 
the  deposition  of  carbon  can  really  take  place. 

High  temperatures  such  as  exist  in  boiler  furnaces  and  absence  of 
oxygen  promote  the  decomposition  of  all  hydrocarbons,  including 
methane,  the  lightest  of  the  paraflSn  series,  one  of  the  products  of 
decomposition  being  soot. 

When  methane  is  burned  with  insufficient  air  supply,  it  bums  with 
a  yellow  flame  and  deposits  soot.  Therefore,  natural  gas,  which  con- 
sbts  mostly  of  methane,  should  be  burned  with  some  excess  of  air  and 
with  provision  for  obtaining  a  good  burning  mixture;  otherwise  soot 
will  be  dei>osited  and  gas  will  be  wasted,  owing  to  incomplete  com- 
bustion. In  this  respect  natmral  gas  differs  greatly  from  producer 
gas,  the  latter  consisting  mostly  of  carbon  monoxide,  which  does  not 
readily  decompose.  An  instance  showing  the  difference  in  the  behav- 
ior of  the  two  gases  came  recently  to  the  writer's  attention.  A  por- 
celain-ware manufacturer  used  producer  gas  for  burning  his  product. 
The  kiln  in  which  the  burning  was  done  had  one  chamber  for  the  ware 
and  another  surrounding  it  for  the  burning  of  the  gas,  the  two  cham- 
bers being  separated  by  a  partition  of  a  highly  refractory  material. 
The  products  of  combustion  did  not  come  in  direct  contact  with  the 
ware,  so  that  the  heat  had  to  be  transmitted  through  the  partition. 
The  gas  to  be  burned  was  introduced  into  the  combustion  chamber 
aQ  at  one  point,  but  to  have  the  temperature  more  uniform  throughout 
the  chamber,  air  was  admitted  at  several  points  along  the  path  of  the 
combustion  gases*  Thus  the  process  of  combustion  was  distributed 
over  a  laige  space  and  nearly  uniform  temperature  was  obtained. 


r,  Heniy,  OTlts,  F.  K.,  and  AQgastiney  C.  E.,  CombosUon  In  tb6  fad  bed  of  hai^^ 
T«dL  Fi]Nr  137,  Baiwa  of  lOiMs,  1916»  76  cp. 
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Tim  metiied  of  obtainiiiiif  uniform  temperntuN  worised  aplondiclly 
-wiHh  {Mpodaeer  gas.  Tbe  ownor  was  peasuaded  ta  dbaage  to  natural 
gas^  and  wlien  he  tried  the  same  metibod  of  bondDg  it  as  lie  used  with 
tlie  prodnoer  gas,  lie  found  that  a  Iaj«r  of  aoe*  was  deposited  os  the 
partition,  preventing  to  a  large  degree  the  tvaoisf  ev  of  lioat  to  tibe  ware. 
At  tile  same  tisne  a  lai^  part  of  the  heat  Tahis  of  the  caihen  in  the 
methane  was  never  dev^oped,  owing  to  d^iosftion  as  aootw  He  used 
entirely  too  mud^  gas  and  obtained  masatjafawtory  reanUs. 

Tlie  amount  of  air  admitted  at  the  point  where  tiie  gas  was  intro- 
duced, which  was  by  design  far  from  enough  for  complete  oombos- 
tion,  w«s  sufficient  to  heat  the  methane  to  a  temperature  at  which 
it  decomposed  into  carbon,  hydrogen,  and  some  earfaen  monoxide.  A 
large  part  of  the  carbon  settled  on  the  surface  as  soot  wiaie  the  hydro- 
gen and  carbon  monoxide  were  burned  with  the  air  added  along  the 
path  of  the  gases. 

When  changing  to  natural  gas  the  method  of  burning  it  alu>uld  abo 
hare  been  changed.  The  gas  should  have  been  introdaced  into  the 
IrilVi  in  a  number  of  small  jets  evenly  distributed  over  the  area  where 
uniform  temperature  was  desired.  With  each  gas  jet  a  sufficient 
amount  of  airwshould  have  been  supf^d  to  insme  complste  combus- 
tion and  thus  prevent  the  deposition  of  soot. 

This  affords  a  very  instructive  example  of  what  hi^^ns  iHien  the 
hydrocarbons  are  burned  with  insufficient  air  supply.  By  air  siipj^ 
is  meant  the  air  available  for  combustion  at  the  point  where  the  hydh*o- 
carbons  are  heated  or  generated  in  the  furnace ;  any  air  that  is  added 
later  along  their  path,  is  added  too  late,  because  the  hydrocarbons 
are  already  decomposed  by  heat  into  soot  and  more  stable  gasea. 
To  insure  rapidity  and  completeness  of  combustion  in  burning 
soft  coal  the  distillation  of  volatile  matter,  which  consists  maiidy  of 
hydrocarbons,  should  take  place  in  the  presence  of  oxygen  in  order 
to  prevent  the  formation  of  soot.  In  most  mechanic^  stokers  this 
condition  is  more  or  less  closely  approached ;  in  hand-fired  furnaces 
it  is  not.  As  shown  in  Technical  Paper  137^  no  oxygen  penetrates 
to  the  distillation  zone  in  hand-fired  furnaces,  hence  &e  deoompoBi- 
tion  of  the  hydrocarbons  in  presence  of  CO,  into  soot,  CO  and  Hj. 

The  two  conditions  for  smokeless  combustion  with  naeehanical 
stokers  could  be  perhaps  applied  to  gas  producers  to  efiminate  soot 
and  tar  f^m  the  producer  gas;  that  is,  to  distill  the  volat^  matter  at 
low  temperatures  and  in  sti'on^  oxidi^g  atmosphenss  so  that  the 
hydrocarbons  bum  to  the  products  of  complete  eombustion,  CO,  and 
E^O;  Oien  by  passing  these  products  through  a  bed  of  hot  edke  to  de* 
compose  them  into  CO  and  H,.  This  process  of  ga^fieation  is  similar 
to  that  which  takes  place  in  die  underfeed  type  of  med^imical  stoker. 

•  Kreisixiger,  Henry,  Ovfts,  F.  K,,  and  Aagastlne,  C.  B.,  eomburttoi  In  tti»SMl  be9 of  lninJ  awidfar- 
:  Teob.  Paper  187,  Bureau  of  Mines,  1915,  76  pp. 
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Sfdrocarbons  are  decomposer!  or  cracked  hy  heat.  Carbon  and 
hydrogei^  are  the  idtimate  products  when  crackings  is  carried  to  the 
end.  The  decomposition  is  a  coti^>licated  process,  the  exact  mechan* 
ism  of  which  is  not  known,  but  it »  gov^emed  by  the  laws  of  physical 
chemistry.  Eqnilibrimn  conditions  determine  the  extent  to  which 
cracku:^  occurs,  and  the  values  of  the  equilibrium  constant  depend, 
among  other  factors,  upon  the  temperature  and  pressure.  Hi^ 
temperature  f arors  cra^dng  because  most  of  the  reactions  take  place 
with  absorption  of  heat.  The  influence  of  pressure  need  not  be  con- 
sidered here  as  the  pressinre  in  boiler  furnaces  is  always  rery  nearly 
atmospheric. 

Mayer  and  Altmayer  inrestigated  the  stabihty  of  methane  and 
found  the  following  percentages  were  stable  in  the  presence  of 
hydrogen. 

Tempewture,C 286*       4W*  «»*       7W*       860*> 

€aa«,pareoBt 9S.79       7ii8&       4S.6»       I^Oft       LS9 

The  reaction  is  represented  by  the  expression  CH4 -=0+2  Hg.  At 
850^  C.  and  atmospheric  pressure  1.59  per  cent  of  methane  is  in 
equilibrium  with  hydrogen  whose  partial  pressure  is  then  0.9841 
atmospheres*  As  the  partial  pressure  of  the  hydrogen  decreases  the 
equilibrium  pressure  of  methane  decreases  also.  The  partial  pressure 
of  hydrogen  in  the  furnace  is  small  and  the  temperature  much  higher 
than  850®  C,  therefore  it  is  evident  that  only  a  very  small  percentile 
of  methane  can  exist  in  equilibriimi  in  a  boiler  furnace.  This  deduc- 
tion is  confirmed  by  the  fact  that  only  small  traces  of  CH4  were  found 
in  the  long  combustion  chamber,  except  inunediately  at  the  surface  of 
the  fuel  bed  before  it  had  had  sufficient  time  to  decompos^^ 

Such  equihbriimi  conditions  as  given  for  methane  are  not  available 
for  other  hydrocarbons  present  in  furnace  gases,  but  experimental 
data  show  tiiat  methane  is  much  more  stable  than  ethylene  or  ethane. 
In  general,  the  simple  hydrocarbons  are  more  stable  than  those  of 
higgler  molecular  wei^t. 

EquiKbrium  conditions,  ahhough  thqr  teH  the  ecxtent  to  winch 
enu^dng  wiU  proceed  if  allowed  sufficient  time,  do  not  give  any 
infomiation  as  to  the  velocity  of  decompositios,  which  is  important 
m  fomace  and  gas-producer  practice. 

The  process  of  deeompositi<tk  of  hydrocarbons  is  probably  a 
gradual  defaydrogenation.  Oompomids  of  higher  moleeular  weight 
ase  decomposed  into  compounds  of  lower  molecular  weight  with 
liberation  of  hydrogen  or  a  simple  hydrocari>on.    These  intermediate 

•  Hab«,7.,Th«iiiod7iiiairiisorteoliiitaUsnietctl^   Tianstatloii  I17  Umb.,  A.  B.,  1906»  p.  845. 


124  '  COMBUSTION  OF  COAL  AND  DESIGN  OF  FURNACES. 

compounds  are  in  tnm  decomposed.  Some  of  the  products,  par- 
ticularly the  carbon,  may  polymerize  to  form  compounds  of  higher 
molecular  weight.  The  decomposition  does  not  follow  any  single 
path,  but  is  influenced  by  the  temperature  and  pressure.  The  ulti- 
mate products  are  carbon  and  hydrogen. 

Black  smoke  is  the  result  of  this  decomposition  of  hydrocarbons 
driven  from  coal  as  volatile  matter.  The  black  part  of  smoke 
consists  almost  entirely  of  finely  divided  carbon.  Analyses  of  the 
sohd  portion,  or  soot,  show  it  to  be  nearly  pure  carbon,  with  a  little 
tar  and  ash. 

The  temperatures  in  a  boiler  furnace  are  much  higher  than  those 
given  in  the  preceding  table  and  therefore  more  rapid  decomposition 
would  be  expected.  Oases  collected  above  the  fuel  bed  of  the 
furnace  described  in  this  bulletin  contained  only  a  small  percentage 
of  methane.  At  an  average  distance  of  5  feet  from  the  fuel  bed 
one  or  two  tenths  of  a  per  cent  of  methane  was  frequently  found, 
which  is  about  the  limit  of  accuracy  of  the  methods  of  gas  analysis 
used.  Unsaturated  hydrocarbons  which  were  found  in  the  gas  sam- 
ples collected  at  the  surface  of  the  fuel  bed  had  entirely  disappeared 
at  an  average  distance  of  5  feet,  and  in  most  cases  none  were  found 
11  inches  above  the  fuel  bed. 

Although  the  direct  decomposition  of  hydrocarbons  by  heat  may 
be  a  slow  process,  methane  especially  being  decomposed  slowly, 
their  disappearance  in  the  furnace  may  be  quickened  by  their  reaction 
with  oxygen  or  some  of  the  products  of  combustion  such  as  CX),  and 
H3O.  The  following  equations  indicate  some  of  the  reactions  that 
may  .occur: 


(5)  0aH4+O^-2CO+2H, 

(6)  C2H4+2COj«4CO-|-2Ha 

(7)  CaH4+2HaO«2CO-|-4Ha 


(1)  CH4-f202=.COa+2H,0 

(t)  CH4+COa=2CO+2H3 

(3)  CH44-HaO=CO-|-3Ha 

(4)  CaH4-|-302=2COj-|-2H20 

Only  when  combustion  is  very  poor,  owing  to  inadequate  space 
above  the  fuel  bed  and  rapid  cooling  of  the  gases,  are  hydrocarbons 
hkely  to  be  found  in  flue  gas. 

What  has  been  said  regarding  the  decomposition  of  hydrocarbon 
gases  appUes  also  to  the  cracking  of  tar.  Tar  b  a  complex  substance 
containing  hydrocarbons  of  high  molecular  weight,  which  are  hquid  or 
solid  at  ordinary  temperature. 

Lunge  ^  gives  a  list  of  over  200  compounds  which  have  been 
found  or  may  reasonably  be  presumed  to  exist  in  coal  tar.  In  con- 
trast with  gaseous  hydrocarbons  those  which  are  liquid  and  solid 
contain  a  much  larger  number  of  carbon  atoms  in  the  molecule  and 
consequently  deposit  more  carbon  when  they  are  cracked. 

_  I    ■  ■  ■  ■      ■ — — "^~^ 

h  LoDce,  O.,  Coal  tar  and  ammonia,  4th  ad-^lOOO,  p.  100. 
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Tar  eziBta  in  tlie  furnace  in  the  form  of  vapor,  an  ideal  condition  for 
cracking.  The  small  globules  present  a  large  surface  for  absorption 
of  heat  from  the  gases  and  hot  furnace  walls,  and  are  quickly  heated 
to  a  high  temperature,  which  favors  the  formation  of  carbon. 

On  account  of  the  complex  nature  of  tar  a  great  many  reactions 
are  involved  in  its  decomposition.  In  general,  the  cracking  is 
similar  to  that  of  hydrocarbon  gases  but  many  more  compounds  are 
involved  and  the  result  is  a  very  complicated  equilibriimi  among  a 
large  number  of  hydrocarbons.  Very  little  experimental  data  are 
available  on  equilibrium  imd  the  velocity  of  these  reactions;  however, 
the  high  temperature  in  the  furnace  and  the  fact  that  the  tar  is  in  a 
state  of  fine  subdivision  favor  rapid  cracking  and  the  formation  of 
large  amounts  of  carbon.  This  view  is  supported  by  the  results 
shown  in  figure  44. 

Table  11  also  shows  that  the  greatest  amount  of  tar  is  found 
with  a  larger  proportion  of  soot.  The  content  of  tar  in  the  gases 
decreases  rapidly  as  the  distance  from  the  fuel  bed  increases;  at  an 
average  distance  of  6  feet  the  tar  has  very  nearly  disappeared. 

The  velocity  of  combustion  of  hydrocarbons  is  faster  than  velocity 
of  decomposition;  therefore,  combustion  will  take  precedence  over 
decomposition.  For  this  reason  air  supplied  over  the  fuel  bed 
should  be  admitted  as  near  to  the  surface  of  the  bed  as  possible  and 
mixed  with  the  hydrocarbons,  so  that  they  will  be  burned  before 
they  are  decomposed  by  heat  and  form  smoke,  which  is  difficult  to 
bum  in  the  rarified  oxygen  of  the  furnace. 

FHTSICAIi  CHEMISTBY  OF  COHBTTSTION  OVEB  THE  FUEL  BED. 

Combustion  over  the  fuel  bed  is  a  chemical  reaction  between 
gaseous  oxygen  on  the  one  hand  and  gaseous,  liquid,  and  solid  com- 
bustible, which  rises  from  the  fuel  bed,  on  the  other  hand.  The 
gaseous  and  liquid  combustible  results  from  gasification  of  fixed 
carbon  on  the  grate  and  distillation  of  volatile  matter.  The  solid 
combustible  consists  chiefly  of  finely  divided  carbon,  known  as  soot, 
whidi  is  produced  by  decomposition  of  volatile  matter.  Also  par- 
ticles of  coal  are  carried  along  with  the  current  of  gases.  To  bum 
these  gaseous,  liquid,  and  soHd  combustible  materials  oxygen  must 
be  supplied  by  admitting  air  over  the  fuel  bed.  The  velocity  and 
completeness  of  combustion  are  influenced  by  concentration,  mixing, 
temperature,  and  time  of  contact  of  oxygen  and  combustible,  and 
therefore  a  knowledge  of  their  effects  is  important. 

OONOBNTBATION  OB  MASS  ACTION. 

According  to  the  kinetic  theory,  gases  consist  of  freely  moving 
molecules.  The  contacts  or  collisions  among  molecules  of  different 
nature  produce  chemical  action.    Therefore  for  complete  combustion 
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to  take  jUmce  m  the  mixture  of  gases,  each  molecule  cf  the  combustible 
must  oc»ne  in  contact  'with  the  number  of  oxygen  molecules  required 
to  bum  it.  The  concentration  or  number  of  molecules  of  combusti- 
ble gas  and  oxygcmi  m  a  unit  volume  will  influ^ice  the  number  of 
collisions  takmg  place.  According  to  the  law  of  mass  action,  the 
velocity  dt  a  chemical  maction  in  the  oombustion  process  is  propor- 
tional to  Ihe  products  of  the  concentrations  of  the  oxygen  and  the 
combustible  substances;  that  is,  if  one  molecule  of  substance  A 
reacts  with  one  molecule  of  substance  B  the  velocity  of  the  reaction 
at  any  moment  is  proportional  to  the  product  of  the  number  of  mole- 
cules of  A  and  B  present  in  miit  volume.  If  several  molecules  of 
one  substance  are  taking  pait  in  the  reaction,  the  concentration  of  that 
substance  must  be  raised  to  the  corrasponding  power.  Thus  if  one 
molecule  of  substance  A  reacts  with  two  molecules  of  sidiBtance  € 
the  velocity  of  the  reaction  will  be  proportional  to  the  number  of  mol- 
ecules of  substance  A  in  unit  volume  multipUed  by  the  square  of  the 
number  of  molecules  of  substance  C  m  unit  volume.  TbxiB  it  can 
be  said  that  the  velodty  of  a  chemical  reaction  increases  when  the 
ccmoentration  of  the  reacting  substances  increases. 

In  the  ci»nbii£rtion  of  coal  the  law  of  mass  aotioa  manifests  itself 
by  the  fact  ^at  in  boiler  furnaces  a  considerable  excess  of  air  above 
the  theorertical  requirem^it  is  necessary  to  insure  complete  combus- 
tion within  the  furnace.  If  the  air  supply  is  reduced  to  nearly  the 
theoretical  amount  the  combusticm  is  so  slow  that  a  lai^  peroent- 
age  of  the  gases  may  leave  the  furnace  before  they  are  burned.  With 
low  excess  of  air  the  time  required  to  complete  the  combustion  is 
long  and  the  combustion  space  must  be  large.  This  fact  is  shown  by 
the  positions  of  the  curves  representing  the  different  excesses  of  air 
in  figures  29  and  30.  In  combining  with  the  oxygen,  carbon  monoxide 
forms  carbon  dioxide  according  to  the  following  reaction: 

It  can  be  easily  seen  that  if  there  are  two  molecules  of  carbon 
monoxide  and  10  molecules  of  oxygen  in  a  unit  volume,  the  chances 
of  one  molecule  of  oxygen  meeting  two  molecules  of  carbon  monoxide 
are  greater  than  if  there  were  only  two  molecules  of  oxygen  present. 
When  oxygen  in  a  mixture  of  air  and  combustible  in  the  furnace 
unites  with  carbon  monoxide,  this  oxygen  istio  longer  available  for 
oxidation  of  the  remaining  combustible  gas.  Furthermore,  the  mol- 
ecules of  oxygen  and  combustible  gas  removed  are  replaced  by  the 
products  of  combustion  which  dilute  the  mixture,  and  the  remaining 
molecules  of  oxygen  «nd  combustible  gas  come  in  contact  less  fre- 
quently. As  combustion  proceeds  the  concentration  of  the  oxygen 
and  combustible  gas  becomes  less  and  less  and  the  velocity  of  com- 
bination becomes  slower  and  slower. 
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Whffli  dealmg  'with  the  lav  of  mass  action  the  concentration  of  tiie 
chemical  substances  is  expressed  in  gram  molecular  units.  The 
volumetric  weights  of  gases  are  directly  proportional  to  their  molec- 
nhr  wei^bds,  beoaiise  equal  volumes  of  all  gases  at  the  same  tempera- 
tore  and  pressure  contain  the  same  number  of  molecules.  There- 
fore^  with  gases  analyzed  volumetiically  all  that  is  necessary  is  to 
sabstitute  tiie  Ti^imietric  percentages  in  the  equation  correspondiog 
to  the  particular  reaction  and  obtain  the  relative  rate  of  combustion, 
aasoming  the  same  temperature  and  pressure  in  each  case.  For 
example,  two  samples  of  gas  collected  at  section  C  of  the  combustion 
chamber  shcH^ed  the  following  percentages  of  Oa  «&d  CO,  the 
knqieratUM  in  eadu  ease  beiDg  2M00^  F.: 

(/)  O,m4.0  per  cent,  00=^.5  per  cent. 

<f )  0^«»7.0  per  cent,  0O«0.4  per  cent. 

Tlie  rest  of  each  sample  was  nitrogen,  carbon  dioxide^  and  water 
rapor.  YWmt  yr^A  the  relative  velocity  of  combustion  of  (X)  at  each 
of  the  two  sections  %  The  equation  representing  the  reaction  between 
oxygem  and  ciffbon  monoxide  is  2  CO+Oj*=2  00,.  At  a  tempera- 
ture of  2400^  F.  the  <fissociation  of  €0,  is  only  about  0.2  per  cent. 

Therefore  one  may  say  with  close  accuracy  that  the  reaction  at 
this  temperature  is  not  reviersit)3e  but  proceeds  to  a  finish  from  left 
to  ri^t.    Ibe  relative  rates  of  combustion  in  the  two  cases  are: 

(i)  4.0X0.6»=1.0. 

(«)  7.0X0.4«=1.12. 

The  velocity  of  oombustion  in  the  second  case  is  greater  on  accoimt 
of  higher  concentration  of  GO. 

Another  example  is  given  in  the  following:  Assume  that  the  gas 
mixture  in  the  long  cconbustion  chamber  contains  at  section  A 
10  per  cent  CO  and  9  per  cent  O,,  and  at  section  C  0.6  per  cent  CO 
and  4.0  per  cent  O,,  what  are  the  relative  rates  of  combustion  of 
00  in  each  case?  The  rate  of  combustion  of  CO  at  section  A  is 
OxlO'^OOO,  whereas  the  rate  of  combustion  of  CO  at  section  C 

• 

is  4x  0.6^=  1<62.  These  figures  show  that  the  rate  of  combustion  of 
CO  is  over  500  times  as  fast  at  section  A  as  it  is  at  section  C. 

The  followdng  table  gives  the  CO  amd  0^  content  in  the  furnace 
gases  sampled  in  test  187  at  four  sections  of  the  path  of  gases,  and 
the  corresponding  relative  velocities  of  combustion  calculated  as  in 
the  two  preceding  examples.  The  four  sections  are:  The  surface 
of  the  fuel  bed,  11  inches  from  tihe  surface  of  fuel  bed,  section  A,  and 
section  C.  The  calculated  relative  velocities  are  shown  in  figuse  13 
(p.  54)  by  the  dotted  curve  which  is  nearly  parallel  to  the  curve  of 
total  combustible.  With  this  dotted  curve  the  scale  at  the  right 
of  the  figure  should  be  used. 
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Content  of  CO  and  0,  infunubce  goMa  of  tut  187  and  the  oorre$ponding  rdaUve  wiMiy 

of  eombustUm  of  CO . 


Point  of  MinpWng. 
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bostiao 
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Per  tent. 

1ft.  4 
ft.4 
8.1 

a4 
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1.3 
8.9 
3.2 
4.9 

350 

11  fnclMV  f ram  foftl  b«d 
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SectioiiA 

31 
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When  sereral  combustible  gases  with  more  complex  molecular 
structure  are  present,  the  calculation  of  velocities  of  reactions 
becomes  complicated  by  reactions  among  the  combustible  gases 
themselves.  The  reactions  are  interrelated  and  can  not  be  con- 
sidered independently,  but  with  simple  gases  such  as  in  CO  and  H, 
less  complication  from  side  reactions  is  to  be  feared  than  with  com- 
plex substances.  At  any  rate  the  law  of  mass  action  is  a  valuable 
guide  in  such  problems,  and  if  the  facts  do  not  fit  proved  formulas 
well,  usually  too  little  theory  has  been  applied,  and  some  refining 
corollaries  must  be  added. 

With  more  than  one  combustible  gas  of  simple  molecular  structure, 
the  combined  velocity  of  combustion  can  be  obtained  by  adding 
tc^ether  their  individual  velocities.  However,  care  must  be  taken 
not  to  add  these  velocities  without  first  multiplying  each  by  the 
proper  constant  for  that  particular  gas.  At  present  not  all  of  these 
constants  are  known,  therefore  it  is  not  feasible  to  formulate  an 
expression  for  the  comparative  total  velocities  of  combustion  of  all 
the  constituents  taken  together  at  several  points  along  a  flame. 

Thus  far  the  law  of  mass  action  as  applied  to  the  combustion  of 
gases  has  been  considered.  This  law  is  also  a  valuable  guide  in 
studying  the  combustion  of  the  small  particles  of  solid  carbon,  or 
soot,  and  the  tar  vapors,  which  are  present  as  small  globules.  The 
mass,  or  concentration,  of  the  solid  carbon  or  the  tar  globule  is  very 
large  compared  with  that  of  gaseous  oxygen,  so  that  the  velocity  of 
reaction  depends  on  the  rate  with  which  the  oxygen  comes  in  contact 
with  the  surface  of  hot  particles  of  carbon  or  tar  globules.  The 
faster  oxjrgen  is  supplied  to  the  surface,  the  higher  is  the  velocity  of 
the  reaction.  The  rate  at  which  oxygen  is  supplied  to  the  surface 
of  these  carbon  particles  and  tar  globules  is  proportional  to  the 
percentage  of  the  oxygen  in  the  furnace  gases. 

The  particles  of  carbon  and  the  tar  globules  are  so  small  that 
unless  they  are  constantly  agitated  they  tend  to  adopt  the  motion 
of  the  surrounding  gas  and  consequently  there  is  little  or  no  relative 
velocity  between  them  and  the  gas,  to  scrub  off  the  layer  of  products 
of  combustion  and  allow  oxygen  to  act  upon  the  surface  of  the 
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paitides.  Removal  of  the  products  of  combustion  from  the  surface 
and  the  supplying  of  free  oxygen  must  be  largely  accomplished  by 
natural  diffusion,  which  is  a  slow  process.  This  is  one  of  the  reasons 
why  the  combustion  of  soot  and  tar  vapor  is  slow. 

MIXING  OF  Am  AND  GASES. 

A  chemical  action  cajx  take  place  only  when  the  reacting  substances 
are  brought  into  contact;  this  is  tnie  of  gases  as  well  as  of  Uquids  and 
solids.  Thus,  in  the  combustion  of  gases,  which  is  a  chemical  process, 
there  must  be  contact  between  the  molecules  of  the  combustible  gas 
and  of  the  oxygen  before  tiiere  can  be  combustion.  This  contact 
takes  place  moat  readily  when  the  gases  and  the  air  containing  the 
oxygen  form  a  uniform  mixture.  The  preceding  calculations  of  the 
velocities  of  combustion  according  to  the  law  of  mass  action  are 
directly  applicable  only  to  uniform  mixtures  of  the  combustible  gas 
and  the  air  containing  the  oxygen.  If  they  do  not  form  a  uniform 
mixture  more  time  is  required  for  the  oxygen  to  come  in  contact 
with  the  combustible  substances  and  the  velocity  of  combustion  will 
not  be  according  to  the  law  of  mass  action,  but  will  be  limited  to  the 
rate  of  mixing. 

For  example,  if  a  cubic  foot  of  (X>  and  a  cubic  foot  of  O,  were 
mixed  thoroughly  and  the  mixture  placed  in  a  hot  furnace,  combustion 
would  proceed  according  to  the  law  of  mass  action  and  would  be 
rapid.  H,  on  the  other  hand,  the  cubic  foot  of  00  and  the  cubic  foot 
of  O9  were  placed  in  the  hot  furnace  in  such  a  way  that  the  cubes 
would  be  in  contact  on  one  side  only,  combustion  would  take  place 
only  along  the  common  surface  of  contact  of  the  two  gases  and  not 
within  the  cubes.  The  combustion  would  be  slow,  its  velocity  being 
limited  to  the  rate  at  which  molecules  of  00  and  O3  were  coming  to 
the  common  surface  of  contact.  If  this  movement  of  molecules  is 
Irft  entirely  to  the  natural  diffusion  of  gases,  the  rate  of  the  reaction 
wonld  be  slow — much  slower  than  in  a  uniform  mixture  because 
natural  diffusion  of  00  and  O,  is  much  slower  than  their  velocity  of 
combustion  in  uniform  mixtures.  If,  however,  the  two  cubic  feet  of 
CO  and  O,  were  violently  stirred,  the  rate  of  00  coming  in  contact 
with  O3,  or  their  mixing,  would  be  rapid,  and  the  velocity  of  combus- 
tion would  approach  that  of  uniform  mixture,  according  to  the  law 
of  mass  action. 

In  commercial  furnaces  the  combustible  gases  and  the  oxygen 
seldom  form  a  perfectly  uniform  mixture,  hence  the  rate  of  burning 
ifl  not  altogether  controlled  by  the  law  of  mass  action  but  largely  by 
the  rate  of  mixing.  This  is  especially  true  of  the  furnace  gases  near 
the  surface  of  the  fuel  bed.  The  combustible  gases  leave  the  fuel  bed 
in  a  aoUd  stream  containing  Httle  or  no  free  oxygen.  To  this  stream 
of  combustible  gas,  air  is  added  through  the  fire  door  or  other  special 
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openingB.  If  tluB  air  is  added  in  companktiTely  lai^e  streams  that 
are  BOt  agitated,  the  Btareams  of  combtifltible  gases  and  the  air  may 
flow  through  the  fumaoe  for  some  distance  in  more  or  less  stratified 
streams,  and  the  combustion  take  place  only  along  the  surfaces  of 
contact  and  be  alow.  Such  combustion  makes  itself  evident  as  long 
flames.  When  the  air  is  added  in  a  large  nmnber  of  small  streams, 
or  when  the  large  streams  are  agitated  so  that  they  break  into  a  large 
number  of  small  atPeama,  the  raifaoe  of  oontaot  is  large  and  liie  com- 
bastion  is  napid,  approaoluD^  the  yelodtj  of  combustion  of  a  uniform 
mixture.    Such  combustion  is  manifested  by  short  and  hot  flames. 

Evidently,  the  length  of  the  flame  depends  not  only  on  the  nature 
of  the  oombuatifaley  the  eoEcass  of  air,  and  the  rate  of  firing,  but  also 
to  a  lai^  degree  on  the  rate  of  mixing  of  the  combutible  gases  with 
the  oxygen  of  the  ajr.  It  has  been  shown  mconnectum  with  Tables  8, 9, 
and  10  that  the  tendency  of  the  gases  is  to  flow  in  paiaUel  streams  even 
when  the  air  was  introduced  into  the  fumaoe  in  many  omaU  streams 
through  the  tuydres  of  the  furnace. 

Ifixing  effects  apply  equally  well  to  the  combustion  of  soot  and 
tar.  l&e  Telocity  at  whidi  these  horn  in  the  furnace  depends  upon 
the  rate  at  which  oxygen  is  supplied  to  their  surfaces  and  the  products 
of  combustiim  are  removed.  Tar  and  soot  particlea  are  heavier  than 
the  gases  Burrounding  them  and  change  the  direction  of  their  motion 
less  readily,  therefore  mixing  creates  a  relative  velocity  between  them 
and  the  gases.  This  relative  velocity  tends  to  aomb  from  their 
surfaces  the  products  of  combustion  and  to  replace  these  with  free 
oxygen. 

Probably  mixing  has  a  further  important  effect  on  the  combustion 
of  the  tar.  A  large  part  of  the  tar  in  the  furnace  is  small  globules, 
somewhat  like  visible  steam  rising  from  boiling  water.  When  air  is 
absent  heating  breaks  up  these  globules  of  tar  in  various  ways,  the 
ultimate  prodncts  being  hydrogen  and  the  finely  divided  solid  carbon 
known  as  soot,  in  the  presence  of  air  it  is  quite  likely  diat  the 
reactions  are  different,  oxygen  taking  part,  and  giving  as  final 
products  CO,  and  11,0  with  very  little  or  no  soot,  'niis  phase  of  oom- 
bustion  ia  discussed  on  pages  118  to  122. 

A  bunsen  burner  can  be  used  to  show  how  mixing  air  with  a  flame 
affects  combustion.  When  the  air  supply  is  turned  off  tike  flame  from 
a  bunsen  burner  is  luminous.  Its  luminosity  is  due  to  inoandesoent 
particles  of  solid  carbon  reaulting  from  the  decomposition  erf  hydro- 
oarbooB  in  the  gas.  The  interior  of  the  flame  contains  no  oxygen  to 
bum  the  hydrocarbons,  and  they  are  decomposed  by  heat  into  hydro- 
gen and  carbon. 

When  air  is  mixed  with  the  gas  as  it  enters  the  burner,  the  flame 
18  nonluminous  and  has  a  well-defined  inner  cone.  In  this  inner  cone 
the  oxygen  of  the  air  combines  with  hydrocarbons  of  the  gas,  pro- 
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dnemig  H«  and  00,  iriUch  bum  on  the  ofuter  eirralope  of  tine  flftme. 
The  nftctkniB  in  the  preBeanoe  of  oxygen  prockioe  gwee  that  ace  eaaQy 
bumedy  wheraaa  the  carbon  piroduoed  in  the  absence  ^  air  is  diffi- 
cult to  bum.  Similarly,  air  mixed  with  volatile  matter  in  the  fur- 
nace bef  one  the  tar  is  decomposed  by  heat  may  produce  a  larger 
piopoiiioii  tif  QQDibustiUe  m  tiM  form  of  gas  and  leas  in  the  form  of 
carbon. 

Obvioaalj,  mizuig  is  an  important  factor  in  eombttstion.  Merely 
aaexcessof  air  in  the  fumace  is  not  enough;  the  air  must  be  supplied 
asnear  to  the  surface  of  the  fuel  bed  as  fMracticaUe,  and  be  thoroughly 
mixed  with  tihe  combustiUe  matter  in  order  that  the  combustion 
may  be  ^otapleted  in  a  tdiort  time  and  a  small  combustion  space 
made  effective. 

The  importance  of  mixing  was  pointed  out  about  10  years  ago  by 
Breckenridge,*  as  follows: 

On  page  SI  as  givvii  a  nalcqlstiiin  baaed  an  ectual  data  olDitained,  and  the  condiision 
18  leac^ed  Uiat  the  velocity  of  coiobuedoii  decreaaea  enoanou^y  from  the  surface 
of  the  file  to  the  rear  of  the  oombuBtion  chamber,  where  it  is  relatiyely  very  small, 
the  jxactical  application  is  that  little  is  to  be  gained  by  adding  further  length  of  smooth 
combustion  chamber,  which  would  be  commercially  as  poor  an  investment  of  capital 
utoaddtotheknglSi-claGDtHaBengiBecyliaderaQdstioke;  we  must  resort  to  thor- 
oqgh  moaitf . 

Breckenridge*  further  states: 

It  will  be  probably  found  on  attempting  this  reduction  of  dimensions  and  cost  that 
tile  limit  will  be  not  in  the  boiler  as  such,  but  in  the  combustion  chamber.  Burning 
a  hige  amount  of  coed  in  a  small  grate  area  is  laigely  a  questioii  (rf  draft  and  continual 
liddaiLcaof  ash,  but  the  rate  of  travel  of  gases  through  a  combustion  chamber  is  depen- 
dent, pHK^ticaUy,  OB^  on  the  amount  of  carbon  burned  per  unit  of  time,  the  rate  being 
ibout  the  some  no  matter  what  the  air  supply  per  pound  of  carbon.  As  combustion 
chunbere  are  now  constructed  for  western  coals  they  are  too  small,  but  ''small ''  is  a 
▼mi  not  to  be  understood  in  this  connection  as  referring  to  volume  or  length  alone. 
By  a  "  small  combusticm  chamber  "  is  meant  a  cdiamber  in  which  either  the  time 
■pent  by  tfaejgaa  m  toaveliiig  from  the  front  to  the  rear  of  the  boiler  is  duvt  or  the  mix- 
iagde¥lees  are  inefficient  or  absent.  In  the  discussion  of  mass  action  it  was  stated 
that  mere  length  of  combustion  chamber  counts  for  little — ^that  mixing  is  what 
coonts — and  thus  there  is  a  possibility  of  enormously  increasing  the  efficiency  of  a 
combustion  chamber  as  a  burner  of  volatile  matter.  Efforts  in  completing  a  steam 
geneiating  outfit  of  eaiall  dimensions  must  be  laigely  concerned  with  the  construe- 
tioti  o<  a^GmbOBtiim  chaniber  containing  many  gas-mixing  apphanoes. 

Ifixing  can  be  obtained  by  using  special  fire-brick  stractnres  in  the 
combustion  apace,  snch  as  piers  on  the  bridge  wall  or  in  the  com- 
bustion space  b^ond  the  bridge  wall,  deflecting  arches,  and  wing 
walls.  Bnch  structures  change  the  direction  of  flow  of  the  gases  and 
create  a  relative  velocity  between  tars  and  soot  and  the  air,  and 
between  different  streams  of  gases,  thus  tending  to  produce  a  uni- 
fonn  mixture.    The  chief  objection  to  such  structures  seems  to  be 

•  BnekMiiidcB»  L.  P.,  Stndy  of  ftmr  tmndied  steKOdiig  taits:  BidL  826,  U.  8.  OmL  Survey,  1W7,  p.  171. 
ftBm^Hiildgi^  L.  P.,  Workdted,  p.  17& 
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their  lack  of  durability.  In  these  days  of  high  furnace  temperattvros, 
the  main  condition  of  high  efficiency,  such  structures  are  destroyed 
in  a  comparatively  short  time  and  their  maintenance  entails  con- 
siderable expense. 

Another  method  of  mixing  the  gases  and  air  is  to  introduce  the 
air  at  high  velocity  either  by  means  of  steam  jets  or  by  forcing  the 
air  over  the  fuel  bed  with  a  blower.  The  jets  of  steam  or  of  air  cause 
a  whirling  motion  over  the  fuel  bed  and  tend  to  produce  a  uniform 
mixture.  The  best  results  are  obtained  when  the  air  is  admitted  in 
a  lai^e  number  of  small  streams.  When  steam  jets  are  used  it  should 
be  remembered  that  it  is  not  the  quantity  of  steam  but  high-velocity 
streams  of  air  that  are  wanted  in  the  furnace.  The  steam  jets  are 
ako  inefficient  as  air  movers. 

TEMPEEATUBE  IK  COMBUSTION  CHAMBER. 

The  velocity  of  chemical  reaction  increases  with  rise  in  temperature. 
At  ordinary  atmospheric  temperatures  the  oxidation  of  carbon  mon- 
oxide and  hydrogen  proceeds  so  slowly  that  the  velocity  of  reaction 
can  not  be  measured.  At  high  temperatures  and  with  thorough  mix- 
ing, oxidation  takes  place  rapidly;  that  is,  the  gases  bum. 

Experimental  work  has  shown  that  at  ordinary  furnace  tempera- 
tures the  velocity  is  about  doubled  when  the  temperature  is  increased 
10°  C.  At  high  temperatures  the  increase  is  less,  but  may  be  said 
to  be  of  thia  order  of  magnitude.  The  velocity  of  reaction  increases 
in  geometric  progression,  whereas  temperature  increases  in  arith- 
metical progression.  This  means  that  if  a  reaction  has  a  velocity  of 
1  at  1,000°  C,  assuming  that  the  velocity  is  doubled  for  each  increase 
of  10°  C,  then  at  1,100°  C.  the  reaction  has  a  velocity  of  1,024,  and 
at  1,200°  C.  the  velocity  is  1,048,576. 

The  temperature  in  a  boiler  furnace  is  about  1,400°  C.  At  this 
temperature  oxygen  reacts  with  the  combustible  material  to  be 
burned  very  rapidly,  but  proper  conditions  for  reaction  must  be 
provided. 

When  coal  is  burned  carbon  dioxide  and  water  are  the  final  prod- 
ucts of  complete  combustion.  The  extent  to  which  they  are  dis- 
sociated depends  upon  the  temperature  in  the  furnace  and  deter- 
mines the  limit  of  completeness  of  combustion. 

Nemst  and  Wartenberg<»  studied  the  reaction  2  CO, ;!  2  CO+O, 
and  found  that  the  dissociation  of  CO,  at  one  atmosphere  at 
1,323°  C.  was  0.104  per  cent,  at  1,423°  C,  0.242  per  cent,  and  at 
1,523°  C,  0.507  per  cent. 

Lowenstein^  studied  the  reaction  for  the  formation  of  water, 
2H,0  ;:t  2H,  -h  0„  and  found  that  the  dissociation  at  one  atmos- 

«  Haber,  F.,  Thflniiodyxumiics  of  t>enlintffil  gas  waotiong,  1906»  p.  828. 
b  Haber,  F.,  Work  dtod,  p.  383. 
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phere  at  1,432^  C.  was  0.102  per  cent,  at  1|610^  C,  0.182  per  cent, 
and  at  1,590^  C,  0.354  per  cent. 

As  shown  by  the  preceding  data,  at  furnace  temperaturee  carbon 
dioxide  and  water  vapor  are  only  slightly  dissociated.  Therefore  it 
is  evident  that  at  equilibrium  very  litUe  carbon  monoxide  and 
hydrogen  can  exist  in  the  furnace.  The  combustion  to  carbon 
dioxide  and  water  will  be  complete  if  given  time  enough. 

TIMB  OP  CONTACT. 

If  reactions  are  allowed  sufficient  time  they  will  proceed  to  equili- 
brium. The  length  of  time  required  depends  upon  the  velocity  of 
reaction;  the  slower  the  velocity  the  greater  is  the  time  necessary 
to  reach  equilibrium.  As  stated  previously,  CO,  and  H^O  are  only 
slightly  di^ociated  at  furnace  temperatures,  and  therefore  when 
equilibrium  is  reached  combustion  is  practically  complete. 

Equilibrium  conditions  determine  what  products  are  formed  and 
the  amounts.  They  do  not  give  information  on  velocity  of  reaction. 
At  present  the  velocity  coefficients  of  the  reactions  that  occur  in 
the  furnace  are  not  all  known  definitely;  therefore  it  is  not  possible 
to  obtain  an  expression  for  their  relative  velocities.  However,  it  is 
known  that  some  of  the  combustible  gases  formed  in  the  fuel  bed 
win  bmn  almost  instantaneously  at  temperatures  below  those  in 
the  furnace  when  mixed  with  oxygen  in  proper  proportions  to  make 
an  explosion.  ^An  explosion  is  simply  very  rapid  combustion,  and 
dierefore  it  can  be  said  the  velocity  of  combustion  is  sufficient  to 
bum  the  gases  in  a  very  short  time  if  they  form  a  uniform  mixture 
with  a  sufficient  amoimt  of  air.  In  most  furnaces  that  are  in  use 
the  time  required  for  complete  combustion  is  not  determined  by  the 
vebcity  of  chemical  reaction  but  by  the  rate  of  mixing. 

One  must  remember  that  combustion  of  coal  is  not  a  simple 
oxidation  of  carbon  and  hydrogen  to  00,  and  H^O,  but  is  a  complex 
process.  The  volatile  matter  from  heated  coal  contains  tar,  saturated 
and  unsaturated  hydrocarbons,  carbon  monoxide,  and  hydrogen,  all 
of  which  must  be  burned  in  the  space  above  the  fuel  bed.  These 
materials  all  react  among  themselves  and  with  the  products  of  their 
combustion.  Each  reaction  exerts  its  influence  upon  the  others  and 
can  not  be  considered  separately.  The  high  temperature  in  the  fur- 
nace favors  the  formation  of  simpler  compounds  so  that  the  final 
products  to  be  burned  are  largely  soot,  CO,  and  H,. 

When  other  factors  remain  constant  the  velocity  of  combustion 
and  the  time  of  contact  necessary  for  the  completion  of  the  reaction 
are  closely  related.  The  time  of  contact  may  be  considered  to  be 
the  length  of  time  during  which  the  combustible  and  the  air  supplied 
over  fuel  bed  remain  in  the  furnace.  If  the  velocity  is  slow  a  long 
tame  of  contact  is  required  for  complete  combustion  and  a  large 
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combuatioa  space  must  be  proTided  ia  order  that  tiio  gaaeB  may  be 
burned  before  tbey  pass  out  of  tbe  fuxnace  and  are  eookd.  The 
rate  of  buming  the  coal  and  the  size  of  coaibustiQa  spaee  detonxuiie 
the  kngih  of  time  the  gases  remain  in  the  fumaccL  As  the  sbb  of 
combustion  space  with  a  giyen  furnace  setting  is  constant  the  time 
the  gases  remain  in  the  furnace  ia  {Nroportional  to  the  rate  of  com- 
bustion. With  high  rates  oi  eomtHiation  a  larger  vdume  d  gases  is 
produced  and  a  larger  volimie  of  air  must  be  supplied  to  bum  it  than 
-with  low  rates  of  combustion.  The  larger  volimie  of  the  mixture 
passes  tixrough  the  combustion  space  more  rapidly;  therefore  the 
Ittigth  of  time  the  mixture  stays  in  the  furnace  or  the  time  of  con- 
tact is  shorter.  The  combustion  space  should  be  large  enough  so 
that  the  gases  and  the  oxygen  in  the  air  suj^lied  remaui  in  contact 
long  enoui^  to  burn  the  gases  completely  when  the  furnace  is  oper- 
ated at  its  magjmum  ct^>acity. 

Conocuatration,  mixing,  temperature,  and  time  of  contact  are 
interrelated  and  each  of  these  factors  is  essential  for  good  combus- 
tion. Consideration  of  these  four  factors  indicate  the  conditions 
necessary  to  obtain  good  results.  These  condition  are:  (1)  Enough 
air;  (2)  air  and  the  combustible  gases  thoroughly  mixed;  (3)  a  furnace 
temperature  above  the  ignition  point  of  the  gases;  (4)  enough  time 
for  combustion  to  be  complete. 

In  practice  an  excess  of  air  is  required,  but  the  amount  of  excess 
air  can  be  small  if  the  mixing  is  thorough*  Mixing  is  probably  the 
most  important  single  factor  and  the  one  most  frequentiy  responsible 
for  poor  combustion.  A  large  excess  of  air  and  high  temperature 
will  do  no  good  unless  the  air  is  mixed  with  the  furnace  gaaes  and  the 
oxygen  and  combustible  gas  brought  into  contact. 

FUTTTBE  lEBTSODS  OF  TTSDrG  BITimVOTrS  COAL. 

Difficulty  in  buomiag  bituminous  coal  in  industrial  fumaeea  is 
due  almost  entirely  to  the  volatile  matter,  because  this  leaves  the 
fuel  bed  as  gases  and  ta»  and  must  be  burned  in  the  c<Hnbustion 
space  of  the  furnace*  Unless  enough  air  ia  introduced  immediately 
at  the  surface  of  the  fuel  bed  and  thoroughly  mixed  with  the  vola- 
tile Gombustiblev  the  tara  and  the  more  complex  combustible  gaaes 
are  quiehly  decomposed  or  ''cracked"  into  soot  aoi^d  simple  gaaes. 
The  soot  thus  formed  is  difficult  to  bum  in  the  rariied  fuxnace  atmos- 
phere and  is  apt  to  pass  out  of  the  furnace  as  hladk  smoke,  particu- 
larly if  the  furnace  is  band  fired.  To  prevent  smoke  and  its  accam- 
panyiikg  heat  losses,  a  considerable  excess  of  air  muat  he  used  and 
the  furnace  must  have  a  large  cosnbustion  space  cantaiaing  gas- 
mixii^  devicea.  The  fixed  carbon  ia  eaey  to  bum  because  it  stays  on 
the  grate.  It  bums  partly  to  CQs,  and  partly  to  CO,  which  in  turn 
ean  bo  burned  to  CC^  with  the  additional  air  introduced  above  the 
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fatl  bed.    TmoAcaSfy  cMspIite  ocmbnakifiii  of  €0  ia  eaflilir  obtained 
because  ol  its  flnnfle  maleCThr  stractiire* 

DanDg  the  past  15  or  20  yeais  cooHiderabla  ettaatkm  hee  beeo 
gim  to  deflqgDing  eC  tanamm  ihaJk  wodd  bum  latvmiuM^  coals 
widMmt  pvodbeiDg  emokek  Qunpaigiis  Imlto  bteen  eoaduetod  to 
edactto  tbo  firaman  and  iMdiiee  1^  to  use  proper  metiiode  o£  fimc 
the  oeal  ao  as  to  piodnce  ihm  lemaib  amountf  ol  amoke.  laige  citiee 
paned  OBoke  anUnenoas  aaaing  to  rediioe  tibe  eauokai  by  eneourag- 
iiig  07  foTGiDg  the  eoal  naar  to  inatoU  i^peatos  that  would 
bum  coal  amokelessly.  These  methods  of  attodring  tbe  ptofalm 
bare  had  mttch  auoceaa  faufc  the  pvodactifm  of  iinnftoaflnagy  smoke 
oonteiea.  A  boge  port  ef  thia  smoke  la  made  m  a  way  that  caa  not 
be  eaaiiy  eoatroBedi  e^en  wkh  good  intentkina  ea  the  part  of  Uie 


In  ^yiew  of  whatt  is  knoim  of  the  chmniatey  of  the  vanoQa  kinda  of 
fueb  and  the  possible  advancement  of  such  knowledge  m  Uia  near 
futme,  it  is  questionafcla  whetiier  the  method  uaad  in  alitaftking  the 
amoke  problem  was  the  best  as  regacda  fuel  eoononiy*  Tbe  persis- 
teooe  of  amddness  in  bomiaig  Utuminoua  coala  ahows  that  there  is 
room  for  impiovement  in  methods  ol  hiiTning,  or  that  the  beat  way 
of  utifizing  aech  coals  haa  not  been  foUoweiL 

Tbe  Tolatils  matter  of  bitmmiBOUs  coal  would  have  greater  eeonomio 
vahe  if  oonrerted  into  gas  or  Uquid  fuel  than  if  bnmed  under  steam 
boilem.  Under  proosnt  madtet  oondttiana  heat  in  the  fotm  of  coal 
gas  brings  8  to  16  times  Ihe  price  of  an  equiralsnt  smount  of  heat 
in  iheform  oi  coaL  Gas  is  an  eztreoael^  eonTenient  fuel  and  caa  be 
mod  to  advantage  for  many  purposes  such  as  cocddng^  Kghtiitg  and 
beating  buddings,  nnmicipal  lig^bting,  imd  in  soma  mdustrial  pknta 
for  obtaining  a  unifoimly  hig^  temperature  and  dean  produota  of 
ocmbuafeiaD.  Tbe  maidiae  from  the  caking  eoala  diould  find  a  ready 
maiket  Her  bonseheating  and  far  frteamiiig  pncposes.  As  berth  the 
gas  and  eoko  bum  without  saaoke,  iheur  separate  use  would  tend  to 
make  cities  cleaner.  The  manufacture  of  gas  from  coal  haa  been 
a  commercial  undertaking  t&f  many  years  and  is  still  rapidly  devel- 
oping, tbe  liberal  margin  between  the  price  of  beat  in  the  form  of 
gaa  and  the  price  of  beat  in  the  form  of  soft  co41  making  tbe  conver- 
aioa  profitoUe. 

The  oonTersion  of  the  YolatUe  matter  of  bituminous  coal  into  liquid 
foel  seeme  to  be  even  more  tgomiaiug  than  ita  converaion  into  gas. 
By  the  appUcatien  of  proper  processes  it  seema  possible  to  reduce  a 
biga  part  of  ike  Yolatila  matter  to  h^cpM^  of  wbioh  an  appreciable 
pttoentage  can  be  obtained  in  the  form  of  light  oila  suitable  for 
motor  £m1«  Benzol  baa  been  obtained  at  by-product  plants  for 
maay  yearn  wilhout  any  mecial  effort  to.  produce  it«  There  is  no 
doubt  thai  with  weUrdaveloped  methods  tbe  yield  of  benzol  and 
similar  oil?  could  be  greatly  increased. 
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The  demand  for  these  oik  is  already  great  and  will  keep  on  m- 
creasing.  The  value  of  heat  in  the  form  of  motor  fuel  is  20  to  30 
times  as  great  as  that  of  heat  in  the  form  of  coat  As  the  supply 
of  bituminous  coal  is  enormous,  the  uses  of  the  oil  are  practically 
unlimited,  and  the  mai^in  of  profit  in  the  conversion  is  large, 
it  would  seem  that  the  development  of  highly  productive  methods 
would  be  rapid.  By  itself  the  coke  residue  from  such  plants  would 
have  considerable  commercial  value,  and  if  its  price  were  made 
equivalent  to  that  of  coal  it  would  doubtless  find  a  wide  market  for 
househeating  and  steaming  purposes. 

Thus  the  use  of  coke  and  gas  would  gradually  take  the  place  of  the 
use  of  bituminous  coal  as  fuel  and  the  smoke  problem  would  largely 
disappear.  By  using  coke  under  steam  boilers  they  could  be  kept 
free  from  soot  and  the  rate  of  heat  transmission  greatly  increased. 
There  are  probably  few  instances  where  coke  could  not  be  substituted 
for  coal. 

The  possibility  of  converting  an  appreciable  part  of  the  volatile 
matter  of  bituminous  coal  into  motor  fuel  is  indicated  by  Table  4 
(p..78)>  whidi  gives  some  of  the  chemical  characteristics  of  the  three 
coals  that  were  tested  in  the  experimental  fumade.  The  part  of  coal 
that  can  be  possibly  converted  into  liquid  fuel  is  the  volatile  carbon 
plus  the  available  hydrogen.  These  two  constituents  form,  on  a 
moisture  and  ash  free  basis,  about  13  per  cent  of  the  Pocahontas  coal, 
26  per  cent  of  the  Pittsburgh  coal,  and  34  per  cent  of  the  Illinois  coal. 
The  ratios  of  the  volatile  carbon  to  the  available  hydrogen  for  the 
three  coals  are  2.15,  4.36,  and  6.6,  respectively.  The  ratio  of  carbon 
to  hydrogen  in  benzol  (C^He)  is  12,  the  ratio  of  carbon  to  hydrogen 
in  gasoline  is  about  5.3,  computed  from  the  average  molecular 
formula  of  gasoline,  CgHig.  Evidently  there  is  more  than  enough 
hydrogen  for  the  volatile  carbon  to  form  benzol  or  gasoline.  The 
necessary  elements  are  there,  the  energy  is  there ;  the  problem  to  be 
solved  is  to  find  a  way  to  make  the  elements  form  the  desired 
combination. 

THE  ADVAMTAGBS  OF  LZQITID  FUXL.     ' 

The  higher  conmiercial  value  of  liquid  fuel  is  due  to  its  being  avail- 
able for  more  purposes.  Oil  seems  to  have  all  the  advantages  of  gas 
and  solid  fuel  and  none  of  their  disadvantages.  Oas,  on  account  of 
its  simple  molecular  structure,  can  be  burned  readily  and  without 
smoke  in  any  conmiercial  apparatus  from  a  boiler  furnace  to  a  gas 
engine ;  also,  the  feed  of  gas  can  be  made  automatic  for  any  apparatus 
and  can  be  easily  controlled.  However,  gas*  has  the  great  disad- 
vantage that  it  is  not  concentrated  enough  for  convenient  storage. 
On  the  other  hand,  coal  contains  large  amounts  of  heat  in  highly 
concentrated  form  and  can  be  easily  stored.  Its  complex  molecular 
structure  and  the  many  solid  impurities  tend  to  limit  its  use.    In  its 
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marketed  form,  coal  lacks  sujfficient  adaptability  to  delicate  adjust- 
ment or  automatic  feed  control. 

Liquid  fuel  has  a  simple  molecular  structure,  and  the  ease  with 
which  the  light  oils  are  changed  to  vapor  make  these  oils  readily 
adaptable  to  many  purposes  for  which  gas  is  used.  Oil  is  a  lu^bly 
concentrated  fuel  and  can  be  easily  stored,  transported,  and  handled. 

OOVCLXJSION. 

By  such  possible  changes  in  the  use  of  bituminous  coal  as  are 
outlined  in  the  preceding  paragraphs,  the  problem  of  combustion 
wiU  be  much  simplified. 

Bituminous  coal  will  probably  continue  to  be  used  luider  steam 
boilers  but  to  a  lesser  extent.  In  the  future  its  principal  use  will  be 
in  the  by-product  plants  because  of  the  higher  commercial  value  of 
the  products  that  can  be  made  from  it.  The  higher  the  percentage 
of  volatile  combustible  the  higher  will  be  the  conmiercial  value  of 
the  coal.  The  time  may  come  when  our  views  of  the  relative  values 
of  different  coals  will  change  and  we  shall  consider  anthracite  as  of 
minor  importance  as  compared  with  the  high-volatile  bituminous 
coals. 

Vague  reports  from  Europe  indicate  that  after  the  war  the  world 
will  be  informed  of  some  extraordinary  developments  in  the  utiliza- 
tion of  bituminous  coal  in  certain  comitries,  and  that  these  develop- 
ments will  become  of  pressing  importance  to  manufacturers  in  the 
United  States. 
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DETERIORATION  IN  THE  HEATING  VALUE  OF  COAL  DURING 

STORAGE. 


By  Horace  C.  Pobter  and  F.  K.  Ovrrz. 


DITEODTFCTXOK. 

Much  has  heen  written  of  the  changes  undergone  by  coal  in  storage 
and  the  deterioration  of  coal  through  exposure  to  the  weather.  In 
order  to  obtain  definite  information  for  the  benefit  of  the  Govern- 
ment departments  and  of  all  who  store  coal  in  large  quantities,  a  series 
of  tests  was  begun  in  the  fall  of  1909  under  the  supervision  of  J.  A. 
Hofanes,  then  chief  technologist  of  the  United  States  Geological 
Survey,  and  was  continued  by  the  BuieaH  of  Mines  after  its  establish- 
ment in  1910.  The  tests  were  confined  to  determinations  of  the  loss 
in  heating  value  of  the  coals  and  did  not  include  a  study  of  other 
deterioration;  for  example,  in  coking  quaUty  or  the  yield  of  by-prod- 
ucts in  coking.  The  Bureau  of  Yards  and  Docks  of  the  Navy  De- 
partment cooperated  in  tests  of  New  River  (W.  Va.)  coal,  a  Variety 
largely  used  by  the  Navy.  A  preliminary  report  presenting  a  brief 
account  of  the  early  results  of  these  tests  has  been  published  by  the 
Bureau  of  Mines  as  Technical  Paper  16.' 

The  detailed  report  is  presented  in  this  bulletin,  which  gives  a  full 
account  of  the  tests  and  the  analytical  data  covering  a  period  of  five 
years'  storage.  Data  of  somewhat  similar  experiments  for  shorter 
periods  with  gas  coal  from  the  Pittsburgh  bed,  with  Pocahontas  coal 
on  the  Isthmus  of  Panama,  and  with  Sheridan,  Wyo.,  subbituminous 
coaly  which  is  used  for  railroad  and  other  purposes  in  the  West,  are 
included. 

The  tests  of  New  River  coal,  in  cooperation  with  the  Navy  Depart- 
ment, were  undertaken  to  determine  the  advantage  to  be  gained  by 
storing  coal  under  water,  and  particularly  under  salt  wat^.  Small 
lots  were  used  in  order  to  make  the  tests  of  maximum  severity,  and 
paridlel  experiments  were  made  with  run-of-mine  and  cni^ed  coal 
under  one-fourth  inch  size.  All  of  the  small  lots  tested  under  the 
different  conditions  (except  those  tested  near  Key  West,  Fkt.)  were 
taken  as  representative  portions  from  one  large  original  lot. 

The  tests  of  Pocahontas  coal,  which,  hke  the  New  River,  is  semi* 
Intuminous,  were  undertaken  chiefly  to  determine  the  effect  of  the 

•P«t«,H.C.,and  OyiU,  F.  K.,  Detcrloratloia  and  spontaiMous  beating  of  ooal  in  starage,  1912, 13  pp. 
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tropical  conditions  in  Panama.  They  were  made  on  an  outdoor  pile 
of  100  tons  of  run-of-mine  coal. 

Pittsburgh  gas  coal,  a  high-volatile,  bituminous  type  used  at  gas 
a^d  by*product  coke  works,  was  e^oeed  f^r  test  at  Ann  Arbor,  Mich., 
in  cooperation  with  the  iJniversity  of  lifichigan.  The  university 
agreed  to  make  tests  at  successive  intervals  of  storage  to  determine, 
in  its  illuminating-gas  experiment  station,  the  yields  of  gas  and  by- 
products from  th&  .coal.  The  coal,  screened  lump,  was  stored  in 
about  4-ton  lots  out  of  doors  in  open  bins. 

Subbituminous  coal,  which  is  mined  in  Colorado,  Wyoming,  and 
other  States,  and  is  known  aho  as  '^ black  lignite,"  is  commonly  sup- 
posed to  deteriorate  rapidly  in  storage,  especially  by  ** slacking"  or 
crumbling  of  the  lumps.  The  tests  herein  described  were  undertaken 
at  Sheridan,  Wjo.,  in  cooperation  with  the  Chicago,  Burlington  & 
Quincy  Railroad  Co.,  in  order  to  determine  the  extent  of  this  slacking 
and  the  accompanying  loss  of  heat  value.  The  tests  were  in  open 
bins  holding  4  to  12  tons. 

OBMX&AL  SUIOiA&T  OV  BBSTTLTS. 

The  results  of  all  these  tests  are  to  be  taken  as  showing  only  the 
change  in  heating  value  and  approximately,  also,  the  degradation  of 
lumps  by  weathering;  as  to  any  resultant  deadening  effect  or  decrease 
of  original  ease  of  burning,  no  examination  or  test  was  made. 

In  brief,  it  may  be  said,  the  tests  show  that. the  amount  of  deteri- 
oration of  coal  in  heating  value  during  storage  has  commonly  been 
overestimated.  Except  for  the  subbituminous  Wyoming  coal,  no 
loss  was  observed  in  outdoor  weathering  greater  than  1.2  per  cent  in 
the  first  year,  or  2.1  per  cent  in  two  years.  The  Wyoming  coal 
suffered  somewhat  more  loss,  2  to  3  per  cent  in  the  first  year  and  as 
much  as  5.5  per  cent  in  three  years.  Details  are  given  imder  the  sep- 
arate headings. 
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Briefly  summarized,  the  tests  show  that  submergence  storage  of 
New  River  coal  effectively  prevraits  deterioration  of  calorific  value,  and 
that  storage  of  that  coal  in  the  open  air  causes  only  slight  deteriora- 
tion, about  1  per  cent  in  one  year's  exposure  and  about  2  per  cent  in 
two  years.  After  two  years,  the  loss  of  heating  value  is  continuous  but 
very  slow,  reaching  about  2.5  to  3  pCT  cent  in  five  years.  With  New 
River  coal,  therefore,  the  expense  of  imderwater  storage  equipment 
is  not  justified  except  as  an  absolute  preventive  of  fires  from  spon- 
taneous combustion. 

SOURCE  AND   PREPARATION   OF  TIIE   COAL. 

The  coal  used  in  the  tests  was  from  the  Sun  mine,  working  the 
Sewell  bed  in  the  New  River  district,  Fayette  County,  W.  Va.,  and 
was  mined  especially  for  this  purpose,  under  the  supervision  of  a 
Government  mining  engineer.  An  endeavor  was  made  to  obtain 
coal  representing  the  commercial  output  of  the  mine. 

Small  quantities  of  coal,  which  in  the  majority  of  tests  was  finely 
crushed,  were  used  for  the  express  purpose  of  making  the  tests  of 
maximum  severity  and  in  order  to  facilitate  sampling. 

On  August  27,  1909,  one  lot  of  3  to  4  tons  of  run-of-mine  coal  was 
collected  at  the  mine  and  shipped  in  sacks  to  Washington,  D.  C. 
Three  mine  samples  were  taken  at  the  same  time  from  the  faces  from 
which  the  coal  was  mined,  and  were  mailed  at  once  in  sealed  cans  to 
the  laboratory  for  analyst.  The  test  coal  remained  16  days  in  the 
sacks,  and  then  a  represeintative  portion,  about  2  tons,  was  crushed 
to  pass  a  one-fourth-inch  screen,  mixed  well,  and  divided  into  small 
t€st  portions  for  storing.  Each  of  these  portions  was  reduced  by 
quartering  and  carefully  sampled.  Eighteen  50-pound  lots  of  one- 
fourth-inch  coal  were  placed  in  heavy  wooden  boxes  for  submergence 
under  water.  These  boxes  were  lined  with  canvas  and  perforated  with 
three-fourths-inch  holes  to  facilitate  displacement  of  the  air  during 
submei^ence.  Eight  lots  of  the  crushed  coal,  300  to  350  pounds  each, 
were  placed  in  barreb.  IVom  the  balance  of  the  original  lot  of  coal, 
ei^t  portions,  also  run-of-mine,  were  placed  in  barrels.  Each  barrel 
was  sampled  as  thoroughly  as  possible  by  taking  a  number  of  well- 
distributed  portions  of  limip  and  fine,  then  crushing  and  reducing 
these  by  quartering. 

These  test  portions  of  coal  as  prepared  in  Washington  were  shipped 
by  freight  to  the  Portsmouth,  N.  H.,  and  Norfolk,  Va.,  navy  yards, 
and  to  the  experiment  station  of  the  Bureau  of  Mines  at  Pittsbui^h, 
Pa.    Table  1  gives  the  essential  data  as  to  nimiber  of  portions  stored. 

On  December  14,  1909,  another  lot  of  coal  was  collected  from  the 
same  mine  for  storage  near  Key  West,  Pla.    The  mining,  preparation, 
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and  sampling  of  the  coal  wer^  oairied  out  as  before,  except  that  a 
longer  time  (47  days)  elapsed  between  the  mining  of  the  coal  and 
sampling,  thereby  allowing  greater  deterioration  before  the  b^inning 
of  the  tests.  Wooden  boxes  used  for  the  submeigence  tests  near  Key 
West  were  made  of  lumber  that  had  been  creosoted  in  order  to  pre- 
vent, if  possible,  destruction  by  the  teredo.  Some  of  these  boxes 
remjained  intact,  for  the  purposjBs  of  the  test,  during  submeigeace  for 
three  and  one-half  years. 

Table  I. — C<mditiionB  &f  stoMge  cf  New  River,  W.  Fa.,  eool. 
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STOKIWG  THE  COAL. 

At  Pittsburgh,  Pa.,  eight  barrels  of  coal  were  placed  in  storage  on 
September  30,  1909,  as  follows:  One  barrel  of  }-inch  coal  and  one  of 
run-of-mine  were  filled  with  fresh  water  so  as  to  submerge  the  coal; 
one  barrel  of  each  grade,  dry,  was  placed  indoors  loosely  covered, 
and  two  barrels  of  each  grade  were  emptied  in  separate  piles,  fully 
exposed  to  the  weather,  on  the  roof  of  a  building  at  the  Bureau  of 
Mines  experiment  station. 

At  Portsmouth,  N.  H.,  nine  boxes  and  four  barrels  were  placed  in 
storage  at  the  navy  yard  on  November  20,  1909.  These  teat  por- 
tions had  stood  at  the  yard  in  their  closed  containers  from  September 
20  to  November  20.  The  nine  boxes  were  placed  in  a  laiger  box, 
which  was  sunk  under  the  full  salt  water  of  the  dry  dock  basin  until 
it  rested  on  the  granite  bottom.  (See  PI.  I.)  The  small  test  boxes 
were  entirely  submerged  at  all  times,  although  the  large  box  con- 
taining them  was  partly  out  of  water  at  low  tide.  One  barrel  of 
}-inch  coal  and  one  of  run-of-mine,  both  with  heads  removed,  were 
placed  on  a  platform  in  the  fire-engine  house  (see  PL  II,  A),  and  one 
barrel  of  each  grade  was  emptied  in  an  open  pile  on  the  roof  of  a 
small  shed,  where  it  was  fully  exposed  to  the  weather  (see  PL  II,  B). 

At  Norfolk,  Va.,  nine  boxes  and  four  barrels  were  placed  in  storage 
at  the  navy  yard  on  October  7,  1909.  The  boxes  were  submerged 
by  chaining  them  to  the  pier  at  a  depth  insuring  complete  submer- 
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gmee  at  all  tides  (see  PI.  Ill,  A).  The  portions  for  open-air  tests 
indoors  were  emptied  from  the  barrels  into  open  boxes  on  platfonns, 
especially  made  for  the  purpose  inside  of  one  of  the  nayy  yard 
buildings  (see  PI.  Ill,  O) ;  and  the  outdoor  open-air  tests  were  simi^ 
larly  arranged  outside  one  of  the  buildings  (see  PI.  Ill,  J?). 

Near  Key  West,  Fla.,  the  test  portions  were  placed  in  storage  at 
Fort  Jefferson,  Dry  Tortugas,  on  February  25,  1910,  a  special  lot 
of  coal  having  been  collected  for  them  nearly  four  months  after  the 
collection  of  the  first  lot.  Ten  creosoted  boxes  were  submerged  in 
the  moaty  one  banf^l  of  each  grade  was  placed  indoors  in  a  casemate, 
and  one  of  each  set  was  put  outside  on  the  parapet,  exposed  to  the 
weather.  -  Two  months  later,  on  April  25,  the  outside  test  p<Htions 
were  eiu|Nied  from  the  barrels  into  open  piles.  EiSrly  in  January, 
1911,  1<I -months  after  storing,  the  open-air  test  piles  were  scattered 
by  a  storcil  and  lost.  The  two  barrels  that  had  been  stored  indoors 
were  ihexk  emptied  into  outdoor  piles  to  replace  those  lost. 

At  Portsmouth,  N.  H.,  the  tests  were  under  the  immediate  super- 
vision of  tJ.  S.  G.  White,  civil  engineer,  United  States  Navy,  during 
»  the  first  few  months  of  their  progress,  and  of  L.  E.  Gregory,  civil 
engineer,  United  States  Navy,  thereafter.  At  Dry  Tortugas,  Fla., 
they  were  carried  out  by  George  C.  Short,  mate.  United  States  Navy, 
under  the  direction  of  the  commandant  of  the  station.  At  Norfolk, 
Va. ,  a  representative  of  theGovemment  fuel  inspection  service  directed 
the  starting  of  the  tests  and  the  subsequent  sampling. 

SAMPLING  THE   COAL. 

Samples  of  each  portion  were  taken  periodically  and  the  successive 
analyses  wesre  compared  separately.  During  the  first  year,  samples 
were  taikrai  every  threQ  months,  during  the  second  year  every  six 
months,  aad  tharealter  every  year.  The  submerged  boxes  were 
sampled  ia  rotation;  that  is,  at  three  months  box  1  was  sampled, 
at  six  Bionths  box  2,  and  so  on,  in  order  to  avoid  repeated  exposure 
of  the  coaL  la  addition,  one  particular  box  was  repeatedly  sampled 
in  order  to  determine  the  effect,  if  any,  of  this  periodical  exposure 
on  the  deteieioration.  Thus  at  each  sampling  time  two  boxes  were 
raised  from  the  water,  one  was  immediately  replaced,  the  other  was 
emptied.  Tbe  wet  coal  in  the  latter  was  spread  out  in  the  open  air 
for  24  hoursi  then  sampled  and  replaced. 

The  submerged  fine  coal  was  sampled  by  the  customary  quartering 
method,  the  entire  lot  being  spread  out  and  reduced,  by  repeated 
quartering  and  rejection  of  alternate  quarters,  to  a  sample  of  con- 
venient size  for  mailing,  about  2  to  3  pounds.  The  barrel  lots 
exposed  to  the  air  were  not  sampled  in  the  same  way  because  the 
coal  would  thus  have  been  repeatedly  turned  over  at  each  sampling 
time  and  unduly  exposed  as  compared  with  usual  storage  conditions. 
Instead,  samples  were  taken  by  selecting  at  random  six  or  eight  well- 
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distributed  portions  of  2  pounds  each,  then  mixing  and  quartering 
them.  From  the  run-of-mine  coal,  half  of  these  selected  portions 
were  pieces  broken  from  lumps,  the  balaace  being  from  the  finer  coal. 
Before  quartering,  all  lumps  were  crushed  to  ^-inch  size.  In  most 
cases  duplicate  samples  were  taken  from  eadi  lot. 

ANALYSIS   OF  THE   COAL   SAMPLES. 

All  coal  samples  taken  during  the  first  two  years'  progress  of  the 
tests  were  analyssed  at  the  laboratory  of  the  Pittsburgh  experiment 
station,  the  calorimetric  determinations  being  made  throughout  by 
the  same  man  and  with  the  same  calorimeter.  Each  sample  was 
analyzed  for  moisture,  ash,  and  sulphur,  and  its  calorific  vahie  deter- 
mined. A  number  of  composite  samples  Ytere  subjected  to  a  com- 
plete tdtimate  analysis  for  carbon,  hydrogen,  oxygen,  nitri^en,  and 
sulphur.  The  methods  used  were  those  described  in  Technical  Paper 
8  '  of  the  bureau. 

''unit  coal"  the  basis  op  comparison  of  values. 

In  studying  the  deterioration  of  coal  the  important  practical  prob- 
lem is  to  determine  the  change  in  the  dry  oiganic  substance.  The 
incidental  ingredients — sulphur,  ash,  and  moisture — that  accompany 
the  coal*  substance  affect  the  calorific  value  of  a  coal,  but  any  changes 
that  they  may  undergo  have  nothing  to  do  with  the  alteration  of  the 
coal  substance  itself.  For  example,  a  coal  wetted  by  exposure  has 
its  apparent  calorific  value  reduced  through  the  addition  of  water, 
whereas  on  the  basis  of  dry  material  its  fuel  value  may  be  unaltered. 
Furthermore,  as  to  ash  and  sulphur,  it  is  not  practicable,  by  use  of 
the  sampling  methods  adopted  in  these  tests,  to  obtain  from  the 
same  lot  of  coal,  even  in  ]^-inch  size,  successive  samples  in  which  the 
aggregate  percentages  of  these  ingredients  will  always  agree  within  0.5 
per  cent.  In  other  words,  determination  of  calorific  values  of  a  stored 
coal  might  seem  to  show  a  deterioration  of,  say,  0.5  per  cent,  when 
in  fact  all  of  this  change  could  be  accounted  for  by  the  different  mois- 
ture or  ash  content  of  the  samples. 

This  investigation,  therefore,  endeavors  to  show  merely  the  extent 
of  deterioration  in  the  actual  coal  substance,  which  in  this  paper  is 
termed  "unit  coal.*'  The  calorific  values  as  determined  are  all 
reduced  to  this  basis — eliminating  the  effect  of  moisture,  ash,  and 
sulphur — ^by  the  following  formula; 

— W-2620S 

"'"l.OO-LCM-f  A-f  iS-hO.0'4  (A— VS)] 

in  wUch  W= calories  on  unit  coal  basis,  w= determined  calories, 
M~  moisture,  A  =  ash,  and  S= sulphur. 

•Stanton,  F.  IC.,  and  Fieldaar,  A.  C,  Mielliods  of  analysing  ooal  and  ooka:  Tech.  Paper  8^  Bureau  <^ 
Mkie8,18ia,42pp. 
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As  sulphur  has  a  podtiTe  calorific  value,  its  theoretical  heat  of 
combustioii  when  in  the  form  of  iron  pyrites,  2,620  calories,  is  sub- 
tracted from  the  determined  calorific  value.  The  expression  below 
the  line  in  the  formula  represents  the  percentage  of  ''unit  coal"  in  the 
sample,  the  moisture,  ash,  and  sulphur  being  subtracted  from  100  per 
cent.  The  expression,  A + f  S + 0.04  (A — -^S)  is  based  on  the  assump- 
tion that  all  the  sulphur  is  present  as  FeS,  (iron  pyrites)  and  that 
therefore  the  ash  content  determined  must  be  corrected  for  the 
decrease  in  weight  due  to  burning  FeS,  to  Fe^O, — this  decrease  being 
five-ei^ths  of  the  sulphur — and  on  the  further  assumption  that  the 
ash  as  determined  is  less  than  the  true  original  ash  by  the  amount  of 
combined  water  driven  out  of  clay  and  shale,  roughly  4  per  cent  of 
the  pyrite-free  ash.  These  assumptions  are  based  on  a  chemical 
examination  of  the  shale  and  sulphur  partings  of  the  coal  bed  in  the 
mine  from  which  this  coal  was  obtained. 

WEATHER   CONDITIONS. 

Weather  conditions  varied  at  the  different  storage  points,  the  tests 
being  more  severe  at  Key  West  and  Norfolk  than  at  Portsmouth  and 
Pittsburg.  Table  2  shows  average  temperature  conditions  in  air 
and  water  at  the  different  points  throughout  the  first  two  years  of 

the  tests. 

TABiiS  2. — Monthly  temperature  aoerages  (*^F.)  of  air  and  water, 
[P.- Portsmouth,  N.  H.:  Pg^.- Pittslnirsh;  N.- Norfolk;  K.  W.-Key  West  (Dry  Torta^u).! 
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73.8 
67.6 
57.6 
37.1 
37.0 

8&3 
85.3 
87.1 
4&1 
68.0 
71.0 
75l4 
73.8 
6&0 

5B.4 

56.0 
38.8 

41.6 
43.3 
65uO 
60.0 
66.3 
73.0 
78.4 
76.4 
73.4 
63.8 
45.4 
37.3 

45.0 
43.8 
47.0 
54.6 
69.3 
75.6 
79.3 
78.8 

74.4 

77.4 
73.4 
09.3 

67.1 
60.0 
71.3 
74.3 
78.4 
81.9 
83.8 
88.1 
81.4 
77.8 
70.4 
6&3 

70.3 
71.6 
78.5 
77.1 
77.6 
81.8 
82.3 
82.0 
82.5 
81.8 

86 
73 
S3 

51 
64 

74 
68 
78 
90 
94 
90 
88 
87 
50 
51 

56 

46 
55 
88 

99 

98 

106 

98 

87 
78 

80 
78 
66 

51 
56 

83 
83 
88 
90 
91 
90 
86 
84 
68 
56 

60 
64 
66 
78 
08 
94 
100 
97 
86 
77 

79 
76 
64 

69 
76 
90 
87 
90 
93 
98 
90 
93 
86 
71 
66 

73 
71 
77 
80 
94 
98 
07 
94 
88 
89 

88 

83 
81 

80 
81 
81 
83 
87 
89 
90 
92 
90 
87 
79 
78 

80 
83 
84 
86 
86 
89 
90 
90 
90 
89 

*"36' 
47 
50 
57 
61 
60 
50 
58 
46 
87 

36 
33 
36 
40 
49 
56 
60 
58 
56 
SO 

85 
90 
60 

56 
56 

60 
65 
70 
75 
75 
73 
70 
70 
65 
60 

60 
60 
65 
66 
65 
70 
76 
75 
70 
70 

"'57* 
.  43 

43 

41 
51 
60 
66 
74 
81 
81 
77 
70 
49 
39 

43 
45 
47 
56 

68 
77 
83 
81 
79 
68 

78 

^WHBbff .    i 

77 

December. 

71 

Immrj 

68 

Fd^Mfv . . .  ^  ^ 

67 

ifaSr^......::.. : : .:: 

09 

ApriL 

73 

}Uj :: :  : 

n 

June 

81 

July []"'"['"]['[ 

83 

Ao^nst... 

83 

SepiBnibir....M! 

83 

Oct(4Hr 

79 

Kovembtf 

73 

Deoonber 

70 

1911. 
JUIUVT. 

66 

ftYnij 

67 

MwhT:...:::::  :: : :: 

69 

ApriL 

75 

luy....:::::  i::::;- : 

77 

June.. 

80 

Joty....!!!!!!'i;'!;;!'I"* 

83 

Aumst 

83 

Septcmbo- 

82 

octoUr !!!!!]I!!!!!.*. 

64. 3    isL^l 

81 

1 

•Estimated.    The  bafreta  of  eoai  were  transferred  hi  Deoember,  1909,  from  a  warm  room  to  a  cooler  one. 
ft  EiUnaled,  except  In  January,  April,  and  July,  1911,  when  observations  were  made  on  shigle  days. 
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DETEBIOBAXIOSr   OF  COAL  IN  STORAGE. 


BESULTB   OF   STOBAOE   TESTS. 


Results  of  stort^  tests  are  shown  in  Tables  3  to  16  following: 

Table  3. — Storage  tests  of  New  River,  W.  Va.,  coal,  {-inch  crushed,  submerged  undtr 

MO  water,  at  PortSTnouih,  N.  H.,vn  SO^pound  portions. 


Mine  sample  — 
As  stored: 

Boxl 

2 

8 

4 

6 

6 

7 

8 

9 

After  4  months: 

Boxl 

After  6  moaths: 

Box2 

9 

After  9  mebths: 

Box3 

9 

After  Ijrear: 

Box4 

9 

After  1}  years: 

Box5 

9 

After  2  Tears: 

Box6 

9 

Box? 

9 

After  4  years: 

Box8 

9 

After  5  years: 
Box  8 


Date  sampled. 


Aug.  27,1909 
Sept.  12,1909 

do , 

do 

do 

do 

do 

do 

do 

do 


Jan.     3,1910 

Apr.  15,1910 
do 


July  19,1910 
do 


Oct.  11,1910 
do.. 


AiMT.    7,1911 
do 


Oct.  10,  mi 

.....do.. 


Oct.   17,1912 
do.. 


Oct.     0,1913 
do.. 


Oct.   17,1914 


Num 
berof 
sam- 
ples 
avei^ 
aged. 


8 

2 
2 
9 
2 
2 
2 

I 

2 


1 
2 

1 
2 

2 
2 

2 
2 

1 

2 

2 
1 

2 
2 


Kois- 
tUre. 


P.ct. 
3.46 


1.98 

4.03 

1.84 

4.39 

2.07 

«.99 

2.14 

5.00 

2.18 

5.14 

1.92 

4.27 

1.39 

4.88 

1.79 

5.89 

1.72 

4.75 

19.77 

14.83 
5.05 

16.68 
14.74 

17.42 
13.71 

19.91 
17.57 

16.91 

18.72 

18.39 
22.22 

17.72 
21.58 

17.99 


Analysis  gd  dry  basis. 


Ash. 


P.et. 
8.60 


7.60 

6.21 
5.84 

6.27 
4.76 

4.83 
3.94 

7.08 
6.52 

6.60 

5.97 
7.37 

7.40 
8.34 

8.49 


Sul- 
pbur. 


P.ct. 
a  66 

.74 
.76 
.98 
.78 
.92 
.76 
.76 
.94 
.88 

2.28 

.95 
.91 

,90 
.80 

.75 
.71 

1.28 
1.01 

.83 
.94 

1.01 
1.14 

1.19 
1.17 

1.30 


Calo- 
ries. 


8,438 

8,361 
8,343 
8,183 
8,288 
8,277 
8,357 
8,298 
8,196 
8,298 

7,986 

8,113 
8,167 

8,151 
8,800 

8,347 
8,396 

8,047 
8,095 

8,201 
8,111 

8,134 
7,958 

8,019 
7,909 

7,922 


B.t.u. 


15,188 

16^050 
15,018 
14,729 
14,918 
14,899 
15,043 
14  936 
14,762 
14,837 

14,375 

14,603 
14,701 

14,672 
14,999 

15,025 
15,112 

14,485 
14,571 

14,762 

14,599 

14,641 
14,324 

14,434 
14,236 

14,259 


Heating  vahie  on 
*'imit  coal"  basis. 


Oalo- 
rles. 


8,773 

&747 

8,763 
8,750 
8,761 
8,760 
8,764 
8,759 
8,755 
8,753 

8,730 

8,700 
8,715 

8,744 
8,751 

8,799 
8,773 

8,724 
8,711 

6,724 
8,733 

8,698 
8,648 

8,718 
8,689 

8,723 


B.t.u. 


15,792 

U,745 
15,774 
15,750 
15,770 
15,784 
15,775 
15,767 
15,759 
U,754 

15,714 

15,660 
15,687 

15,739 
15, 7M 

15,765 
15,791 

15,703 
15,680 

15,703 
15,719 

15,614 
15,566 

15,692 
15^640 

15,701 


Loss 

in 

B.t.u. 


P.ct. 


0.2 

.7 
.4 


0.2 

,5 
.5 

.5 
.2 

1.0 
1.2 

.4 

.6 


a  Gain. 


Table  4. — Storage  tests  of  New  River,  W.  Va.,  coal,  exposed  indoors  at  Portsmouth, 

N.  H.,  in  SSO-pouna  portions. 


Run  of  mine  coal: 

As  stored 

After  3  months. 

lyear 

11  years.. 

2  years... 

3  years... 

4  years... 
5years... 

|-lncfa  crashed  coal: 

As  stored 

After  3  months. 

lyear.... 

li  years.. 

2years... 

3  years... 

4  years... 

5  years... 


Date  sampled. 


Sept. 

Jan. 

Oct. 

Apr. 

Oct. 

Oct. 

Oct. 

Oct. 

Sept. 

Jan. 

Oct. 

Apr. 

Oct. 

Oct. 

Oct. 

Oct. 


12,1909 

3. 1910 

11. 1910 

7. 1911 

10. 1911 
11,1912 

8, 1913 
17,1914 

12,1909 
3,1910 

11,1910 
7,1911 

10,1911 

11,1912 
8,1913 

17,1914 


Nnm 
berof 
sam- 
ples 
aver- 
aged 


2 
1 
2 
2 
2 
2 


2 
1 
2 
2 
2 
2 
2 
2 


Mois- 
ture. 


P.  c<. 
1.75 

.67 
1.19 

.70 
1.01 

.98 

.98 
1.15 

1.79 
.92 
1.22 
.79 
1.23 
1.02 
1.04 
1.19 


Analysis  on  dry  basis. 


Ash. 


P.  a. 
4.45 
4.82 
2.94 
6.28 
3.98 
5.34 
6.25 
5.73 

6.27 
7,82 
5.64 
6.68 
7.14 
6.43 
6.93 
6.84 


Sul 
pbur. 


P.ct. 
0.69 
1.33 

.46 
1.28 

.74 
1.09 
1.33 

.94 

.84 
.94 
.70 
.86 
.97 
.94 
1.01 
1.02 


Calo- 
ries. 


8,332 
8,282 
8,469 
8,115 
8,350 
8,168 
8,085 
8,124 

8,185 
7,966 
8,213 
8,096 
6,034 
8,067 
7,995 
8,012 


B.t.u. 


14,998 
14,908 
15,254 
14,606 
15,029 
14,703 
14,553 
14,623 

14,733 
14,339 
14,783 
14,572 
14,460 
14,521 
14,391 
14,422 


Heating  value  on 
"unit  coal'' basis. 


Calo- 
ries. 


8,574 
8,753 
8,748 
8,713 
8,728 
8,675 
8,681 
8,663 

8,779 
8,724 
8,742 
8,721 
8,703 
8,667 
8,641 
8,652 


I  Iajss 
B.  t.  u.  in 
B.t.u. 


15,757 
15,755 
15,746 
15,683 
15,710 
15,615 
15,625 
15, 


15,802 
15,708 
15,736 
15,670 
15,666 
15,601 
15,554 
15,673 


P.et. 


0.0 

.i 

.5 

.3 
.9 

.8 
1.0 


.6 

.4 

.7 

.9 

1.3 

1.6 

1.4 


TESTS  OF   NEW  BIVEB  COAL. 


15 


Tabls  5.— ^loro^  teatt  of  New  River ^  W.  Va.,  coal  txpoud  to  weaJther  al  PortsmotUh, 

N.  E. ,  in  S&O-pound  portione. 


SoiHrf^iiiiia  ooal: 
As  stored 

AflttZmtmXbs. 

6  IDflPtlU. 

gmnnttw 
ly€ir.... 

3y«»... 

3y«W8... 

4y«n... 

8>_yiT».,. 
}*iiidi  cnnhed  oobI: 

As  stand. 

After  8  nontbt 

5  mi>nfln 

9  monUw 

2ymn 
Stmts 


Dnl#  sunptod. 


3,  me 

u,mo 

7,  mi 

10,  mi 

11,1018 

7,19U 

17,1914 

13,1909 
8,1910 
15,1010 
19,1910 
11,1010 
7,1011 
10,1011 
11,1012 

7,  ma 

17,1914 


Nam 

beroT 


pies 
aged. 


S 

1 

i 

t 

s 
s 

9 

s 

2 

2 
2 
1 
2 
2 
2 
8 
8 
2 
3 


Mois- 
ture. 


P.rt. 
1.81 
8.22 
144 
1.88 
2.92 
2.43 
183 
4.80 
3.07 
3.45 

3.01 

3.10 

100 

1.93 

3.75 

10.60 

17.43 

13.  M 

16.28 

13.09 


Analysie  on  dry  basis. 


Ash. 


P.  a, 

5.34 

4.89 

2.67 

5.02 

3.20 

3.41 

8.61 

8.67 

4.18 

3.58 

6.68 
7.29 
6.48 
6.70 
6.04 
6.67 
7.04 
6.91 
6.90 
7.08 


Sul- 
pfaur. 


P.rt. 
a70 
1.28 
.63 
.64 
.84 
.63 
.38 
.71 
.62 
.54 

1.08 

1.27 

l.OB 

1.07 

.04 

1.00 

.75 

.08 

.78 

.77 


Calo- 
ries. 


8,271 
8,283 
8,486 
8,365 
8,551 
8«fi07 
8,378 
8,383 
8,208 
8,318 

8,116 
8,028 
8,111 
8,065 
8,661 
8,960 
8,016 
7,995 
8,004 
7,008 


B.ta. 


14,888 
14,906 
15»375 
14,876 
15,808 
15,313 
15,080 
14,000 
14,028 
14,973 

14,600 
14,451 
14,600 
14,553 
14,401 
14,506 
14,420 
14,300 
14,407 
14,334 


Heating  value  CO 
"  unit  ooal"  basis. 


Calo- 
ries. 


8,775 
8,757 
8,743 
8,738 
8,700 
8,738 
8,716 
8,661 
8,664 
8,648 

8,748 
8,720 
8,736 
8,710 
8,701 
8,685 
8,668 
8,637 
8,641 
8,637 


B.tU. 


15,796 
15,768 
15,736 
15,725 
15,768 
15,728 
15,688 
15,625 
15,632 
15,S67 

15,747 
15,605 
15,707 
15,604 
15,661 
15,633 
14,603 
15,547 
15.553 
15,547 


Loss 

in 

B.t.u. 


P,eL 


0.2 

.4 

.4 

.2 

.4 

.7 

1.1 

1.0 

1.4 


.3 

.3 

.3 

.5 

.7 

.0 

1.3 

1.2 

1.3 


Tablb  6. — Storage  te$U  of  New  River,  W.  Va.^  eooZ,  \^neh  eruthed,  ntbmerged  under 

$ea  water  at  Norfolk,  Va. ,  in  SO-pound  portiona. 


Sept.  12,1009 

»  •  •  •  •  Qw  •  •  •  *  «  •  < 

-...do 

do 

I    •    «    *  •UV*     •     •   «    ■    «    4 

I    a   ■   •  vUV*    ••••«< 

do 

do 


Jan.  u,mo 

Apr.    7,1910 
do 


Al  stored: 

Ben  10 

11 

13. 

13 

14 

15 

16 

17 

AiUr  8  BHOtlis: 

Bex  10 

Aft«  6  msollis: 

Box  10 

11 

AHflrlOmontlis:  • 

BoxlO |Joly  18,1910 

13 
Allerlyeft 
Box  10 
13 
Alter  U 
Bos '10... 
M... 
Alter3yean: 
BoxM... 
15... 
After  3  years: 
BoxlO... 
16... 
Alter  4  7( 

Box  17 
AUcrft 

Box  17 


Dato  sampled. 


Oot.    4,1910 
do.! 


Apr.    4,1911 
....do 


Oct.    4,  mi 
do 


Oct.   15,1912 
do.! 


Oet.  10,1913 
Oct.     8, 1914 


Norn 
boron 
sani' 
pies 


aged. 


8 
3 
8 
8 
2 
8 
8 
8 

8 

8 

1 

8 
1 

8 
1 

a 

1 

3 
1 

8 
1 

1 

1 


Ifols- 
tore. 


P.tf. 
8.00 
101 
1.99 
1.88 
1.64 
1.86 
1.64 
1.80 

17.54 

10.47 
15.58 

16.06 
16.68 

14.94 

n.36 

30.68 
19.71 

1&98 
20.47 

84.16 
16.46 

20.06 

24.62 


Analysis  on  dry  basis. 


Ash. 


PM. 
5.20 
6.45 
5.13 
6.42 
5.44 
5.32 
5.12 
5.33 

5.82 

5.72 
6.34 

5.35 
4.56 

6.73 
4.34 

6.67 
6.69 

8.01 
6.55 

11.03 
6.98 

6.77 

7.01 


Sul- 
phur. 


P.tf. 
0.06 

•  Vif 

.82 
.03 
1.03 
.81 
.70 


1.05 

.  Vv 
1.11 

.08 
.74 

.05 
.83 

1.13 
1.28 

1.12 
.03 

1.27 
.07 

1.06 

1.15 


Calo- 
ries. 


8,272 
8,130 
8,300 
8,837 
8,3» 

siaeo 

8,888 

8,aao 

8,191 

8,190 
8^140 


8,310 

8,198 
8,345 

8,105 
8,114 

7,068 
8,106 

7,641 
8,047 

8,060 

7,057 


B.t.u. 


14,801 
14,685 
14,867 
14,837 
14,881 
14,804 
14,873 
14,831 

14,744 

14,743 
14,653 

14,846 
14,068 

14,748 
15,031 

14,588 
M,e05 

14,344 

14,593 

13,753 
14,485 

14,524 

14,323 


Heattaig  value  on 
"unit  coal"  basis. 


Calo- 
ries. 


8,772 
8,742 
8,744 
8,754 
8,784 
8,7«4 
8,745 
8,745 

8,747 

8,733 
8,744 

8,757 
8,744 

8,737 
8,763 

8,738 
8,756 

is,  710 
8,725 

8,663 
8,696 

8,708 

8,701 


B.tU. 


15,790 
15,736 
15,789 
15,787 
15,757 
15,775 
15,741 
15,740 

15,745 

15,720 
15,730 

15,763 
15,730 

15,785 
15,773 

15,720 
15,761 

15,695 
15,705 

15,504 
15,653 

15,674 

15,662 


Loss 

in 

B.t.u. 


P.rt. 


0.3 

.4 

.0 

.2 
.0 

.4 

o.l 

.4 

.0 

.6 
.4 

1.2 
.6 

.4 

.5 


•  Gain. 


16 


DETERIOKATION  OF  COAL  IN  STOBAGE. 


Table  7. — Storage  tests  of  New  River,  W.  Va.,  coal  exposed  indoors  at  Norfolk,  Va.,  in 

SSO-pound  portums. 


Run-of-mlne  coal: 

As  stored 

AfterSmontlis.. 

6  months.. 

9  months.. 

lyetf 

liywrs... 

Sjroars.... 

3  years.... 

4  years.... 
5years 

Hnoh  crushed  coal- 
As  stored 

Alter  3  months. . 

Omontiis.. 

•  months.. 

lyear 

li  years... 

2year8.... 

Syears 

4yrars 

fiyears 


Data  sampled. 


8ept. 
Jan. 

July 

Oct. 

Apr. 

Oct. 

Oct.- 

Oct. 

Oct. 

Sept. 

Jan. 

Apr. 

Jifly 

Oct. 

Apr. 

Oct. 

Oct. 

Oct. 

Oct. 


12,1«» 
ILIOIO 

7;mo 


13 
4 
4; 
4 

ia; 
11 

Si 

12 
a 

7 

13 
4 
4 

4 

16 
11 

s; 


mo 
mo 

1911 
1911 
1912 
1913 
1914 

1909 
1910 
1910 
1910 
1910 
1911 
1911 
1912 
1913 
1914 


Num 
her  of 
sam- 
ples 
aver- 
aged 


2 
1 
2 
2 
2 
2 
2 
2 
2 
2 

2 
1 
2 
2 
2 
2 
2 
2 
2 
2 


Mois- 
ture. 


P.et. 
1.01 
1.37 
1.14 
1.43 
L47 
1.49 
1.33 
4.07 
1.81 
1.83 

L78 
1.52 
1.28 
1.54 
1.70 
1.00 
1.54 
4.64 
1.73 
2.00 


Analysis  on  dry  basis. 


Ash. 


P.ct 
4.14 
4.39 
3.03 
6.60 
&10 
4.70 
6.36 
5wl8 
4.20 
0.01 

6.07 
6.88 
ft.  02 
6.71 
&08 
6.88 
0.04 
Ob  00 
7.14 
0.84 


Sul- 
phnr. 


P.ct. 

a77 
.06 
.06 

.84 
.71 
.78 
.76 
.88 
.74 
.87 

.86 
.79 
.78 
.09 
.04 
.09 
.74 
.88 
.82 
.82 


Oalo- 
ries. 


8,348 
8,340 

8,202 
8,240 
8,282 
8,221 
8,207 
8,287 
8,110 

8,210 
8,188 
8,157 
8  189 
8,208 
8,160 
8,168 
8,041 
7,960 
8,011 


B.t.u. 


15,027 
15,029 
15,001 
14  702 
14,843 
14,058 
14,798 
14,773 
14,917 
14,808 

14,787 
14,739 
14,083 
14,740 
14,774 
14,687 
14,074 
14,473 
14,375 
14,420 


Heating  value  on 
'<nnlt  coal  "basis. 


Calo- 
ries. 


8,743 
8,704 
8,739 
8,732 
8,725 
8,727 
8,724 
8,090 
8,084 
8,873 

8,761 
8,742 
8,718 
8,725 
8,730 
8,706 
8,718 
8,001 
8,047 
8,040 


B.t.n. 


15,787 
15,775 
15,729 
15,718 
15,705 
15,709 
15,703 
15,053 
15,031 
15,012 

15,752 
15,730 
15,696 
15,705 
15,724 
15.074 
15,602 
15,590 
15,565 
15,502 


Loss 

In 

B.t.a 


P.cf. 


•a2 
.1 
.1 
.2 
.2 
.2 
.5 
.7 
.8 


.1 

.4 

.3 

.2 

.5 

.4 

1.0 

1.2 

1.2 


•  Gain. 


Table  8.- 


^torage  tests  of  New  River,  W.  Fa.,  coal  exposed  to  weather  at  Norfolk^  Va., 

in  350-pound  portions. 


Run-of-nUnacoal: 
As  stored....... 

Alter  3  months. 

0  months. 
9  months. 

1  yoar 

li  years.. 
2yBar8... 
3years... 
4years... 
Syears... 

Hnch  crushed  coal: 

As  stored 

Alter  3  months. 
0  months. 
9  months. 

lyear 

li  years.. 
2year8... 
Syears... 
43rears... 
5years... 


Date  sampleiC 


Sept. 

Jan. 

Apr. 

July 

Oct. 

Apr, 

Oct. 

Oct. 

Oct. 

Oct. 

**--■* 

oept. 

Jan. 

Apr. 

JiUy 

Oct. 

Apr. 

Oct. 

Oct. 

Oct. 

Oct. 


12,1900 

11, 1910 

7,1910 

13,1910 

4,1910 

4,1911 

4,1911 

15,1912 

11,1913 

8,1914 

12,1909 

11,1910 

7,1910 

13,1910 

4,1910 

4,1911 

4,1911 

15,1912 

11, 1913 

8,1914 


Num 
her  of 


pies 
aver^ 
aged. 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


Mois. 
ture. 


P.  CI. 
1.74 
8.04 
8.30 
2.00 
2.06 
9.90 
8.44 
0.80 
0.25 
0.50 

2.04 

4.20 

5.83 

1.48 

1.80 

14.38 

6.38 

13.48 

n.92 

15.72 


Analysis  on  dry  basis. 


Ash. 


P.ct. 

8.63 

4.20 

4.70 

4.41 

5.19 

5.05 

6l77 

5.41 

4.60 

0il9 

7.97 

&01 

9.93 

&45 

&80 

9.52 

10.84 

ia83 

12.49 

10.02 


Sul- 
phur. 


P.c«. 

a58 
.74 
.05 
.  89 
.08 
.52 
.65 
.64 
.61 
.63 

1.00 
1.11 
1.04 
.95 
.93 
.91 
.90 
.85 
.73 
.71 


Calo- 
ries. 


8,397 
8,345 
8,283 
8,336 
8,209 
8,258 
8^167 
8,158 
8,209 
8,076 

7,977 
7,907 
7,784 
7,910 
7,843 
7,785 
7,031 
7,606 
7,437 
7,047 


B.t.u. 


15,115 
15,021 
14,909 
15,004 
14,817 
14,805 
14,683 
14,684 
14,776 
14,535 

14,368 
14,283 
14,010 
14,287 
14,118 
14,018 
13,784 
13,601 
13,386 
13,764 


Heating  value  on 
"unit  coal"  basis. 


Calo- 
ries. 


8,748 
8,745 
8,732 
8,752 
8,720 
8,729 
8,095 
8,600 
8,637 
8,646 

8,725 
8,716 
8  70S 
8,698 
8,66i6 
8,664 
8.624 
8,504 
8,667 
8,614 


B.t.u. 


15,788 
15,741 
15,717 
15,754 
15,605 
15,  ni 
15,660 
16,587 
15,546 
15,563 

15,704 
15,686 
16,075 
15,657 
15,598 
15,504 
15,522 
15,460 
16,420 
15,506 


Loss 

in 

B.t.a. 


P.  a. 


ao 
.1 

a.l 

.3 

2 

.6 

1.0 

L2 

LI 


.1 
.2 
.3 

.7 

p. 
.4 

L2 

L5 

L8 

1.3 


a  Gain. 
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Table  ^.—Storage  tests  of  New  River^  W.  Va.^  coal  stibmerged  in  fresh  water  at  Pitta-* 

ourgh,  Pa.,  %n  SSO-pound portions. 


RmHitolmMftl: 

Ai  stored. 

Altars  moBths. 
ttmanUis. 

•  mcntiif. 
1 

37«an... 

4ynn... 

ftjnrs..., 
i^hcrasoedeoal: 

AsstonA 

AitarSiBODtltt. 

6  months. 

•  monttas. 


Ujean 

3jwn 

Syean 


Date  sampled. 


8,1010 
8,1010 
7,1010 

13,1011 
0,1011 
4,1010 
7,101S 

15,1014 

12,1000 

33,1010 
8,1010 
8,1010 
7,1010 

13,1011 
0,1011 
4,1012 
7,1013 

lj;,1014 


Norn 
berod 


pies 
sver- 


3 
1 
1 
3 
3 
3 
3 
3 
3 
3 

3 
1 
1 
3 
3 
3 
3 
3 
1 
3 


Mois- 
taxe. 


P.eL 
1.61 

an 
ia72 

7.88 
807 
0.05 
12.00 
7.32 
8.00 

ia83 

1.58 
1&04 
28.02 
10.04 
2a  04 
28.44 
10L78 
18.82 
30.26 
2L76 


AmlyslB  on  dry  basis. 


Ash. 


P.et. 
5.06 
7.17 
5.50 
5.06 
Oill 
5.18 
7.36 
5.00 
5.80 
0.30 

4.83 
5.28 
5.47 
5.18 
5.35 
&27 
5.00 
&62 
5.84 
6.23 


SdI- 
phnr. 


P.ct, 

aoo 

.05 
.76 
1.23 
1.15 
1.04 
.06 
1.34 
1.01 
3.41 

.64 
.68 
.68 
.64 
.61 
.64 
.67 
.75 
.74 
.80 


Gali>- 
ries. 


8,260 
8,072 
8,230 
8,107 
8,175 
8,2M 
8,075 
8,170 
8,184 
7,844 

8,200 
8,263 
8,224 
8,268 
8,245 
8,348 
8,220 
8,163 
8,102 
8,160 


B.tn. 


li,885 
14,630 
14,814 
14,754 
14,715 
14,800 
14,534 
14,706 
14,730 
14,110 

14,030 
14,873 
14,804 
14,882 
14,841 
14,847 
14,705 
14,603 
14.746 
14,687 


Heatfaig  value  on 
"  unit  ooal"  basis. 


Calo- 
ries. 


8,766 

8,748 
8,752 
8,770 
8,762 
8,751 
8,760 
8,707 
8.743 
8,740 

8,752 
8,762 
8,740 
8,756 
8,747 
8,743 
8,754 
8,663 
8,741 
8,745 


B.tu. 


15,781 
16,746 
15,754 
15,786 
15,771 
15,751 
15,784 
15,672 
15,737 
15,747 

15,754 
15,772 
15,732 
15,761 
15,744 
15,738 
15,757 
15,630 
15,734 
15,741 


Loss 

in 

B.t.u. 


P.et, 


ai 

.0 

•  .2 
«.l 

.1 

•  .1 
.6 
.2 
.1 


.1 
.1 
.0 
.1 
.1 
.0 
.7 
.1 

.r 


a  Gain. 


Tabub  lO.Storage  tests  of  New  River,  W.  Va.,  coal  exposed  indoors  at  PitUburgh,  Pa,^ 

in  SSO-pcund  portions. 


Dale  sampled. 


Nmn- 
berof 


pies 
aver- 
aged. 


Mols- 
taie. 


Analysis  on  dry  basis. 


Ash. 


Sul- 
phur. 


Calo- 
ries. 


B.tu. 


Heating  value  on 
" unit  ooal"  basis. 


Calo- 
ries. 


B.t.a. 


Loss 

in 

B.t.u. 


Rmhof-minsceal: 

Assured 

Alter  3  months.. 

OmoDths.. 

Omooths.. 

lyear 

Hyears... 

2years 

3yean.... 

Jyears.... 
,^  5  years.... 
i-iachcnahedcoat: 

As  stored 

After  3  months.. 

6  months.. 

0  months.. 

lynr 

11  years... 

2years.... 

Oyeen..., 

4  yean.... 

5 


Sept. 

Jan. 

Apr. 

Jifly 

Oct. 

Apr. 

Oct. 

Oct. 

Oct. 

Oct. 

Sept. 

Jan. 

Apr. 

July 

Oct. 

Apr. 

Oct, 

Oct. 

Oct. 

Oct. 


13,1000 

28,1010 

^1010 

8^1010 

7, 1010 

13,1011 

0,1011 

^1012 

7,1018 

15^1014 

12,1000 

28^1810 

8,1010 

8,1010 

^1010 

13.1011 

^1011 

4,1012 

7, 1013 

15,1014 


2 
1 
2 
2 
2 
2 
3 
2 
8 
8 

2 
1 
2 
2 
2 
2 
2 
2 
1 
2 


P.rt. 

L82 

.80 

.02 

LIO 

1.43 

.87 

1.62 

1.80 

L83 

123 

L68 
8.72 
.00 
L30 
1.48 
1.08 
4.14 
2.00 
2.50 
2.81 


P.d, 

5.00 

3.01 

4.31 

4.10 

4.63 

6.71 

5.54 

3.60 

4.40 

5.01 

6.06 
6.60 
6.53 
6.12 
6^68 
6.64 
883 
10.27 

a55 

0.26 


P.et, 

a  76 
.72 
.80 
.71 
.66 

L52 
.74 
.54 
.02 

1.07 

1.04 
LIO 
L12 
LOl 
.03 
LU 
LOS 
L20 
L16 
L20 


8,271 
8,383 
8,301 
8,360 
8,280 
8,072 
8,216 
8,323 
8,253 
8,210 

8,180 
8,103 
8,100 
8,152 
8,001 
8,068 
7,888 
7,678 
7,834 
7,763 


14,887 
15,080 
14,942 
16,047 
14,003 
14,530 
14,780 
14,082 
14,866 
14,704 

14,740 
14,586 
14,506 
14,673 
14,564 
14,523 
14,108 
13,820 
14, 101 
13.974 


8,753 
8,758 
8,715 
8,750 
8,741 
8,717 
8,737 
8,660 
8,671 
8,608 

8,709 
8,740 
8,727 
8,733 
8,719 
8,606 
8,714 
8,626 
8,629 
8,620 


15,756 
15,764 
15,087 
15,749 
15,783 
15,600 
15,727 
15,586 
15,608 
16,666 

15,787 
15,732 
15,700 
15,710 
15,603 
15,650 
16,685 
15,527 
l.%532 
15,515 


P.rt. 


ai 

.4 
.0 
.1 
.4 
.2 
LI 
.0 
.6 


.3 

.5 

.4 

.6 

.0 

.6 

L6 

L6 

L7 
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DETERIORATION   OF   COAL  IN   STORAGE. 


Table  11. — Storage  tests  of  New  River ^  W.  Va.y  coal  exposed  to  weather  at  Pittsburgh , Pa.  j 

in  350-pound  portions. 


Run-of-mine  coal: 

As  stored 

After  3  months.. 
6  months.. 

0  months. . 

1  year 

H  years... 

2years 

Syears... 
4years..., 

5  years... 
i-inch  crushed  coal: 

As  stored 

After  3  months. . 

6  months. . 
9  months. . 

1  year 

1}  years.. 
Syears... 
Syears... 

4  years 

6  years 


Date  sampled. 


Sept. 

Jan. 

Apr. 

July 

Oct. 

Apr. 

Oct. 

Oct. 

Oct. 

Oct. 

Sept. 

Jan. 

Apr. 

July 

Oct. 

Apr. 

Oct. 

Oct. 

Oct. 

Oct. 


12 
24 
22 
12 
14 

20 
12 

7 

8 

13 

12 
24 
22 
12 
14 
20 
12 
7 
8 
13 


1909 
1910 
1910 
1910 
1910 
1911 
1911 
1912 
1913 
1914 

1909 
1910 
1910 
1910 
1910 
1911 
1911 
1912 
1913 
1914 


Num- 
ber of 
sam- 
ples 
aver- 
aged. 


4 

2 
2 
2 
2 
4 
2 
2 
2 
2 

4 
2 
2 
2 
2 
4 
2 
2 
2 
1 


Mois- 
ture. 


P.et. 
1.14 
4.39 
2.35 
1.49 
1.86 
3.78 
4.85 
2.32 
3.09 
4.26 

1.29 

14.02 

1.71 

1.22 

1.99 

6.67 

10.88 

2.92 

6.36 

11.67 


Analysis  an  dry  basis. 


Ash. 


P.ct. 

4.04 

7.60 

6.21 

4.24 

6.01 

6.08 

8.28 

6.85 

5.20 

8.43 


Sul- 
phur. 


P.et. 
0.59 
1.46 
.71 
.62 
.70 
.89 
.78 
.89 
.61 
.62 


7.46 

.91 

8.75 

1.22 

7.23 

1.15 

7.79 

1.05 

8.33 

1.06 

9.49 

1.27 

9.31 

1.18 

8.75 

.98 

8.60 

.82 

7.19 

.62 

Calo- 
ries. 


8,370 
8,007 
8,126 
8,348 
8,245 
8,136 
7.923 
8,096 
8,178 
7,877 

8,062 
7.904 
8,014 
7,971 
7,918 
7,798 
7,792 
7,805 
7.827 
7,975 


B.t.u. 


15,066 
14,412 
14,627 
15,026 
14,841 
14,646 
14,261 
14,573 
14,721 
14,179 

14,494 
14,227 
14,426 
14,348 
14,253 
14,036 
14,026 
14,049 
14,088 
14,355 


Heating  value  on 
"unit  coal"  basis. 


Calo- 
ries. 


8,752 
8,740 
8,704 
8,740 
8,716 
8,708 
8,600 
8,642 
8,661 
8,650 

8,752 
8.726 
8,605 
8,701 
8,697 
8,686 
8,650 
8,612 
8,616 
8,637 


B.t.u. 


Loss 

in 

B.t.u 


15,754 
15,732 
15,067 
16,748 
15,680 
15,674 
15,642 
15,566 
15,580 
15,570 

15,754 
15,707 
15,651 
15,662 
15,655 
15,032 
15,586 
15,502 
15,509 
15,547 


P.ct. 


0.1 

.6 

.0 

.4 

.5 

.7 

1.3 

1.0 

1.2 


.3 

.7 

.6 

.ft 

.8 

1.1 

1.6 

1.6 

1.3 


Table  12.Storage  tests  of  New  River,  W.  Va.,  coalj  {-inch  crushed,  submerged  in  sea 
water  at  Key  West  (Dry  Tortugas),  Fla.,  %n  50-pound  portions » 


Mine  sample 

As  stored: 

Box  36 

36 

37 

38 

39 

40 

41 

42 

43 

44 

After  3  months: 

Box  35 

36 

After  6  months: 

Box  35 

37 

After  8  months: 

Box  35 

37 

After  1  year: 

Box  35 

88 

After  1^  vears: 

Box^ 

80 

After  1}  Tears: 

Box  "35 

40 

After  2  vears: 

Box  35 

41 

After  2}  vears: 

Box '35 

42 

After  3  years: 

Box  36 

42 

After  3}  vears: 

Box  43 

44 


Date  sampled 


Dec.  15,1909 

Jan.   29,1910 

do 

do 

....do 

....do 

....do 

do 

....do 

...do 

....do 


Apr.  26,1910 
....do.. 


July   14,1910 
do 


Oct.     4, 1910 
do 


Jan.    10,1011 
do 


Mav     1,1911 
.....do 


July  10,1911 
do 


Jan.    10,1912 
do 


July     8, 1912 
do 


Feb.     1, 1913 
do 


Oct.    15,1913 
do 


Num- 
ber of 
sam- 
ples 
aver- 
aged. 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

2 
2 

I 
2 

2 
2 

2 
2 

2 
2 

2 

2 

2 
1 

2 
1 

1 
2 


Mois- 
ture. 


P.et. 
3.20 

.79 

L02 

.89 

1.06 

1.02 

.92 

.96 

.97 

.97 

1.02 

7.74 
9.59 

17.84 
11.93 

18.89 
19.59 

16.60 
1Z68 

18.54 
14.97 

14.02 

18.78 

12.64 
19.31 

13.69 

18.88 

17.85 
20.89 

21.04 
10.00 


Analysis  on  dry  basis. 


Ash. 


P.ct. 

I.  M 

7.09 
6.55 
4.10 
3.24 
3.96 
5.21 
4.87 
4.41 
5.92 
5.73 

6.23 
6.31 

6.70 
7.33 

7.53 
5.91 

7.38 
4.54 

7.76 
4.48 

8.11 
6.68 

8.72 
5.20 

8.50 
5.50 

7.88 
8.31 

5.74 
7.20 


Snl- 
phur. 


P.et. 
1.99 

2.13 
.81 
.82 
.81 
.74 
.80 
.80 
.83 
.95 
.90 

1.32 
.82 

L46 

.88 

1.66 
.91 

1.59 

.88 

1.99 
.80 

2.13 
.97 

2.57 
.  86 

2.73 
1.17 

2.38 
2.46 

1.22 
1.24 


Calo- 
ries. 


8,053 

8,045 
8,108 
8,362 
8,434 
8.388 
8,253 
8,282 
8,335 
8,180 
8,193 

8,126 
8,116 

8,088 
8,027 

8,034 
8,163 

8,042 
8,281 

7,990 
8,306 

7,932 
8,106 

7,882 
8,275 

7,872 
8,195 

7,895 
7,865 

8,168 
8,011 


B.t.U. 


14,405 


14 

14 

15; 
16 

15 
14 
14 
15 
14 

14 

14 
14 

14 
14 

14 

14 

14 
14 

14 
14 

14 

14 
14 

14 
14 

14 

14 

14 
14 


480 
503 
052 
180 
009 
856 
908 
003 
723 
747 

626 
638 

550 
440 

461 
604 

403 
006 

383 
949 

277 
590 

187 
895 

169 
751 

210 
167 

702 
420 


Heating  v«due  on 
"unit  coal"  basis. 


Calo- 
ries. 


8,761 

8,742 
8,722 
8,755 
8,747 
8,766 
8,745 
8,746 
8,757 
8,730 
8,734 

8,723 
8,706 

8,731 
8,712 

8,762 
8,720 

8,752 
8,714 

8,744 
8,733 

8,718 
8,736 

8,734 
8,770 

8.706 
8,722 

8,661 
8,674 

8,718 
8,092 


B.t.u. 


15,770 

15,735 
15,700 
15,759 
15,745 
15,779 
15,741 
15,743 
15.703 
15,730 
15,721 

15,702 
15,671 

15,716 
15,681 

15,772 
15,905 

15,754 
15,685 

15,730 
15,720 

15,693 
15,724 

15,721 
15,786 

15, 6n 
15,700 

15,  .V« 
15,613 

15,PP2 
15,645 


Loss 

in 

B.t.u. 


P.et. 


0.2 
.2 

.1 
.5 

a. 2 
.4 

a.X 
.4 

.0 
.4 

.3 
.1 

.1 
a. 3 

.4 
.4 

.9 
l.O 

.2 

.5 


oOain. 
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Table  n.-SUyrage  te$t$  of  New  River,  W.  F«.,  oool  expaeed  itidfxm  mt  Key  West  {Dry 

Tortugati),  Fla,,  in  SSO-pound  portiona^a 


BaiH)f-mliie  ooal: 

Ai  stored 

After  3  months.. 

6maBtlis.. 

8  montlis. . 

lyear 

i^Bchemsbed  coal: 

Assterad. 

After  3  months.. 

6  months.. 

8  months.. 

1 


Date  sampled. 


Jan. 
Apr. 

Oct. 
Jan. 

Jan. 
Apr. 
July 
Oct. 
Jan. 


29,1910 
26,1910 
14,1910 
4,1910 
10,1911 

29,1910 
26,1910 
14,1910 
4,1910 
10,1911 


Nom 
ber<4 
sam- 
ples 
aver^ 
aged. 


8 
2 
1 
2 
1 

2 
2 
1 

2 
1 


Mois- 
ture. 


P.tf. 
0.91 
1.19 
1.26 
1.14 
1.83 

.75 
2.99 
l.M 
1.83 
2.12 


Analysis  on  dry  basis. 


Ash. 


8.29 
11.18 
10.27 
11.67 
110.79 

7.15 
7.40 
7.40 
7.82 
7.84 


Sul- 
phur. 


P.et. 
2.15 
3.11 
3.54 
6.45 
4.30 

X33 

3.15 
1.74 
L84 
1.94 


Calo- 
ries. 


7,985 
7,642 
7  697 
7,589 

7,r- 


8,068 
8,051 
7,964 
7,952 
7,922 


B.t.u. 


14,283 
13,756 
13,855 
13.570 
13,730 

14,523 
14,492 
14,371 
14,314 
15,062 


Heating  value  on 
"unit  cool  "basis. 


Calo- 
ries. 


8,741 
8,733 
8,712 
8,731 
8,710 

8,777 
8,778 
8^694 
8,703 
8,676 


B.t.n. 


15,734 
15,720 
15,682 
15,716 
15,678 

15,799 
15,800 
15,649 
15,686 
15,617 


Loss 

in 

B.t.u. 


P.eL 


0.1 
.3 
.1 
.4 


.0 
1.0 

.8 
1.2 


•  These  test  portions  were  transferred  at  the  end  of  1  year  from  indoor  storage  to  outdoor. 

Table  14. — Storage  teste  of  New  River,  W.  Fa.,  coal  exposed  to  weather  at  Key  West 

{Dry  TorttLgas)y  Fla.,  in  350-pound  portions. 


KoiMMnlDa  ooal: 

Let  A—As  storad. 

liOtB— Asslgred. 

LatA- 

Aftsr  3  months., 

6  months.. 

8nioDths.. 


LctB- 
After  IJ 

Uyeani... 
2v«ars... 
2f  years.. 


dyears.... 

i4idi crashed  coal: 

Lot  A— As  stored. 

LotB— Asstored. 

LotA~ 

After  3  months.. 

6  months.. 

8  months.. 

LotB— 
Alter  U 

2years. 
ttyean 
Syears, 


Date  sampled, 


Jan.  29,1910 
do. 


Apr.  26,1910 
July  14,1910 
Oct.     


Jan. 


4,1910 
10,1911 


Kay  1,1911 
July  10,1911 
Jan.  10,1912 
July  8,1912 
T^h.    1,1913 

Jan  29,1910 
do... 


Kay  1,1911 

July  10,1911 

Jan.  10,1912 

July  8,1912 

Feb.  1,1913 


Num- 
ber of 
sam- 
ples 
aver- 
aged. 

Mois- 
ture. 

2 

2 

P.ct. 

a80 

.91 

2 

1 
2 
1 

1.30 
2.06 
1.73 
1.91 

2 

1 
1 
1 
1 

1.61 
1.74 
2.06 
1.08 
1.79 

2 
2 

1.08 
.75 

2 

1 
2 

1 

2.28 
1.27 
1.80 
3.16 

2 

1 
1 
1 
1 

1.38 
1.38 
4.27 
1.19 
12.06 

Analysis  on  dry  basis. 


Asli. 


Sul- 

phur. 


P.et,.p,et, 

11.03 

3.38 

7, 

8.29 

2.15 

7; 

8.85 

160 

7, 

9.29 

1.74 

7 

4.94 

1.62 

8 

5.91 

2.07 

«; 

9.62 

3.18 

7, 

7.49 

2.07 

7 

7.37 

1.33 

7 

7.20 

I'.TO 

7 

9.99 

7; 

4.00 

.73 

6i 

7.15 

2.33 

«; 

5.57 

1.11 

«, 

5.59 

1.14 

8 

5.70 

1.05 

8 

7.97 

1.17 

7; 

6.69 

1.66 

8, 

6.58 

1.83 

7 

6.87 

1.65 

7 

6.71 

1.90 

7, 

7.88 

1.67 

7 

Calo- 
ries. 


,668 
,935 

,843 

,822 

165 

,137 

,742 
,943 
,937 
,916 
,679 

,362 
,068 

189 

172 

150 

,933 

,038 
.963 
,941 
,907 
,817 


B.t.u. 


13,803 
14,283 

14,118 
14,080 
14,606 
14,647 

13,936 
14,297 
14,287 
14,349 
13,822 

15,062 
14,523 

14,741 

14,  no 

14,670 
14,279 

14,468 
14,369 
14,294 
14,233 
14,071 


Heating  value  on 
•'unit coal 'basis. 


Calo- 
ries. 


8,754 
8,741 

8,706 
8,706 
8,703 
8^728 

8,688 
8.670 
8,632 
8,598 
8,518 

8,745 
8,777 

8,721 
8,706 
8,690 
8,680 

8,681 
8,618 
8,502 
8,547 
8,557 


B.t.n. 


15,757 
15,784 

15,671 
15,671 
15,666 
15,700 

15,638 
16,606 
15,538 
15,476 
15,323 

15.740 
16,799 

15,698 
15,671 
15,642 
15,634 

15,625 
16,512 
15,466 
15,385 
15,403 


Loss 

in 

B.t.u. 


p.et. 


a5 
.5 

.6 
.4 

.6 

.8 

1.2 

1.6 

2.6 


.3 
.4 
.6 

.7 

1.1 
1.8 
2.1 
2.6 
2.5 
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DETERIORATION  OF  GOAL  IK  8TOBAOB. 


Tablb  15. — Q€merml  nanmvy  qf  tmt»  <4  ^^^  River  eoti. 


Condition  of  test. 


Peroenttge  loss  in  heat  yalue  during— 


BQOtts.  montas, 


Submersed: 
Portsmouth,  N.  H. . . 

Noridlk,Vs 

Key  West,  Fit 

Fitt^bnnh,  Fhk— 

Run-oi-mine  coal . . 

^izKh  crushwl  coal 

ATeraoe 

Exposed  indoors: 
Bun-o^^dne  ooal~ 

Portsmoath,  N.  H. 

Norfolk,  Va. 

Key  West,  Fla 

PittAorA,  Pa.... 
i-inch  orauM  ooal— 

Portsmouth,  N.  H. 

Norfolk,  Va. 

Key  West,  Fla 

Pitt8baish,Pa.... 
Weathered: 
Rnn-oC-mine  eoal— 

Portsmouth,  N.  H. 

Norfolk,  Va. 

Key  West,  Fla 

Pittsburch,Pa.... 
t'toch  crushed  coal-- 

Portsmouth,  N.  H. 

Norfolk,  Va. 

Key  West,  Fla 

Pittsburgh,  Pa.... 


0.8 
.3 
.8 

.1 
.0 
.10 


.0 
.8 
.1 
.1 

.0 

.1 

.0 
.3 


.8 

.0 
.5 
.1 

.3 

.1 
.8 
.3 


8 
ITWWtllSi 


16 
.8 
.3 

.0 
.1 
.56 


.1 

.3 
.4 


0.1 
.1 
.1 

.0 

.0 
.00 


.1 

.1 


.4 

LO 
.5 


.4 
.1 
.5 
.0 

.3 
.2 
.4 

.7 


.3 
.8 
.4 


.4 
.0 
.0 
.0 

.8 
.3 
.0 
.0 


0.0 
.3 
.2 

.0 
.1 
.10 


.1 

.3 
.4 
.1 

.4 

.2 

L2 

.0 


.2 
.3 
.4 
.4 

.6 
.7 
.7 
.0 


H 

8 

3 

years. 

years. 

years. 

0.6 

0.3 

LI 

.8 

.6 

.8 

.8 

.0 

.8 

.1 

.0 

.0 

.1 

.0 

.7 

.50 

.10 

.84 

.6 

.8 

.8 

.8 

.8 

.6 

16 
.4 
.4 

.3 
.1 


.8 

.7 


7 
6 


.4 
.8 

.8 
.5 

.7 

.7 

L8 

.8 


.8 

.4 


.7 

.0 

L3. 

.7 

.8 
L2 

3.1 
LI 


LI 

L3 
LO 


.8 

LO 
1.8 


LO 


LI 
LO 
2.0 
L3 

L3 
L6 
16 
LO 


LO 


LO 
L8 


LO 

L8 
L8 


LO 


0.4 
.5 


.1 
.1 


1.0 

.8 


1.4 
1.8 


1.7 


1.4 
LI 


1.2 

1.3 
L3 


LS 


Tablb  16. — RetulU  of  itorage  UtU  of  New  River  oooX  showing  ultimaU  oompondon  ef 

**unit "  coed  tubeUmce,  and  ehangee  during  Horage. 


■ 

Carbon. 

HydfO0Bn. 

Nitrogen. 

Oiygen. 

ToUlsol- 
phur. 

ndplnsr. 

Mine  sample  1,  Aug.  37, 1808 . . 
lClnes«mple2.l>ec.  14, 1808... 
Portsmbnth,  N.  H.: 

As  stOMundtt  water 

Submerged*- 

3  years 

8180 
8170 

8158 

8171 
8100 

8188 

8180 
8111 
8181 
88.50 
88.58 
88.48 

8180 

88.78 
8188 

90.01 

88.08 
8113 

8188 

8118 
8130 
8116 
8180 

8108 
8130 

8106 
8131 
8133 

4.87 

4.88 

4.88 

4.  OB 

4.84 

4.80 

4.70 
4.81 
4.08 
4.77 
4.86 
4.78 

4.79 

4.70 
4.88 

4.87 

4.70 
4.87 

&.00 

4.78 
4.85 
4.08 
4.80 

4.78 
5.17 
4.07 
4.74 
4.75 

L51 
LOO 

L83 

L74 
LTS 

L67 

L64 

LOS 
L58 
L76 
L07 
L71 

L76 

LOS 
L58 

LOT 

L02 
L88 

L88 

L04 
LOO 
LOO 
L65 

Leo 

LOO 
LOS 
L70 
L74 

170 
176 

4.07 

187 
4.44 

176 

180 
186 

188 

t-8 

4.08 

100 

188 
118 

180 

4.00 
117 

148 

138 

180 
148 

4.00 

108 
183 
103 
185 

188 

188 
118 

LOO 

L04 
L80 

L»l 

LOB 
L98 
LIS 
.96 
,78 
LOO 

108 

101 
190 

.19 

L9 
107 

.71 

.73 

.77 

.76 

L25 

L3S 
L38 
L30 
LIO 
.70 

1006 

.000 
.090 

6  years , 

As  stored,  exposed  ont> 

doors.  .•.•..••••..••..••■ 

.004 

Exposed  ootdoors 

3  months. 

.MO 

0  months. 

.008 

lyear 

t^^^ ....  - 

2  years. 

.  lOp 

6  yean 

Exposed  indoors  5  years... 
Key  W^t,  Fla.: 

As  stored  undsr  water 

8  months 

•ou 

2  years 

As  stored,  exposed  out* 
doors 

.007 

Exposed  outdoors-*- 

8  years 

.30 

Fittoburgh,  Pa.: 

As  stored  under  water. 

Submerged — 

3  months    

.000 

•  000 

0  months. 

•005 

1  ymr 

Asstored.  exposed  indoors^ 
Exposed  Indoors 

3  months. 

.006 

.030 

0  months. 

.083 

1  year 

8year8 

.043 

Exposed  outdoors,  5  years. 

.08 
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BISCtrSSION  OP  BBStTLtt  OP  TB8TS. 

• 

lbs  taUeB  show  tliat  the  mAYimmn  deterioratioii  in  heating  value 
in  one  jelo*  was  1.2  per  cent  in  one-fourth  inch  ooal  exposed  indoors 
at  Eej  West  (Dry  Tc^ugas) ;  and  the  maximum  in  two  year9  was 
2.1  per  cent  in  the  same  portion  after  a  seoond  year  out  of  doors. 
The  wanner  climates  of  Norfolkand  Key  West  (Dry  Tortugas)  caused 
uniformly  greater  deterioration  in  the  exposed  coal  than  the  cooler 
ones  of  Pittsburgh  and  Portsmottth.  Ibe  one-fourth  inch  coal  showed 
losses  almost  always  50  to  100  per  cent  greater  than  those  of  the 
nm-of-mine. 

After  one  year  the  submerged  ooal  in  six  out  of  eight  portions 
at  the  different  storage  points  showed  no  loss  of  heat  value.  Two 
portions  had  lost  about  0.4  per  cent.  After  two  years'  submergence, 
three  out  of  eight  portions  showed  losses  ranging  from  0.4  to  0.6 
per  cent,  the  remainder  being  less  than  0.2  per  cent,  and  after  five 
years  the  loss  in  two  portions  was  practically  nothing,  the  other  two 
tested  showing  losses  of  0.4  and  0.5  per  cent. 

Slight,  ccmtinuous  decreases  in  heating  value  were  noted  after  the 
two-year  period  in  the  exposed  coal,  the  maximum  being  2.6  per  cent 
at  ^y  West  (Dry  'tortugas).  In  five  years  the  maximum  loss  at 
Portsmouth  was  1.4  per  cent,  at  Pittsburgh  1.7  per  cent,  and  at 
Norfolk  1.3  per  cent. 

It  shovdd  be  noted  -that  the  probable  experimental  aeeuracy  in  the 
determination  of  calorific  value  by  the  method  used  was  not  more  than 
0.2  per  cent,  and  that,  including  the  effect  of  the  eiYOis  in  determina- 
tion of  moisture,  ash,  and  sulphur,  in  computing  the  ''unit  coal" 
value,  a  possible  deviation  of  0.4  per  cent  might  occur  between  the 
values  obtained  for  duplicate  samples  of  the  same  portion.  The 
losses  indicated,  therefore,  in  the  submergence  tests  are  almost 
within  the  experimental  error,  and  may  be  said  to  have  been  incon- 
siderable. The  tests  of  coal  in  box  10  at  Norfolk  appear  to  show 
that  alternate  drying  in  the  open  air  for  brief  intervals  between  the 
submergence  periods  causes  some  loss,  although  not  a  material  one. 

The  vaiytion  in  ultimate  composition  of  the  coal  substance  as 
shown  in  Table  16  was  very  slight,  if  any.  The  probable  experimen  tal 
error  in  these  analyses  is  0.25  per  cent  for  carbon,  0.03  per  cent 
for  hydrogen,  0.02  per  cent  for  nitrogen,  and  0.20  per  cent  for 
moisture  and  ash,  throwing  an  abrogate  probable  error  on  the  oxygen 
(determined  by  differenoe)  of  0.50  per  cent,  or  a  possible  variation 
between  dui^isates  of  1  per  cent.  Any  indications  of  change  in 
percentage  of  oxygen  in  the  coal  during  storage  are,  therefore,  within 
the  experimental  ercor,  and  the  only  conclusion  justifiable  is  that  the 
change  in  oxygon  content^  if  any^  apfiears  to  be  of  the  siune  order  of 
mapitode  as  the  cbsDge  in  calorific  value. 


22  DETERIORATION  OF  COAL  IN  STORAGE. 

No  actual  determination  of  the  amount  of  physical  deterioration 
of  lumps  was  made,  but  by  observation  of  the  run-of-mine  coal 
stored  outdoors  at  Pittsburgh  it  was  noted  that  very  little  slacking 
or  weakening  of  the  lumps  occurred  during  two  years.  TTfis  is  illus- 
trated in  Plate  IV*,  A,  which  shows  the  condition  of  the  run-of-mine 
coal  after  two  years'  exposure.  Plate  IV,  By  show^  crushed  coal 
after  two  years'  expbsure  undei*  siiriilai'  conditions. 

ca!7Gi.ir8iaN«  :     I 

In  general,  the  conclusion  to*  be  drawn  from  these  tests  is  that 
New  River  coal,  under  severe  conditions  of  outdoor  exposure  to  the 
weather,  deteriorates  in  heating  value  approximately  1  per  cent  in  the 
first  year,  2  per  cent  in  the  first  two  years,  and  not  over  3  per  cent 
in  five  years.  Storage  under  water  prevents  practically  all  deteri- 
oration during  one  year,  and  no  more  than  0,5  per  cent  has  been 
found  in  any  test  for  two  years  or  less.  Sfilt  water  possesses  no 
advantage  over  fresh  water  in  preventing  deterioration.  Inter- 
mittent exposure  and  partial  drying  of  the  submerged  coal  probably 
causes  deterioration  in  some  degree,  although  very  smaS. 

Submergence  storage  of  New  River  coal  is  not  to  be  recommended 
for  the  sake  of  preventing  deterioration  in  heat  value.  Its  advan- 
tage lies  only  in  insuring  against  spontaneous  combustion. 

TB6T6  OF  PmSBUROH  QAB  COAL  AT  AKlX  AB80&,  IQCH. 

Experiments  to  determine  the  loss  in  heating  value  of  coal  of  the 
Pittsburgh  bed  and  its  deterioration  for  purposes  of  illuminating-gas 
manufacture,  during  periods  of  storage  ranging  from  six  months  to 
five  years,  were  begun  in  November,  1910,  at  Ann  Arbor,  MicH.,  in 
cooperation  with  the  Michigan  Gas  Association  and  the  University  of 
Michigan.  The  periodic  sampling  of  the  coal  for  determination  of 
its  heating  value  was  done  under  the  direction  of  Prof.  A.  H.  White, 
of  the  university,  who  also  carried  out  the  tests  of  the  coal  for  yields 
of  gas  and  by-products.  Ilie  results  of  the  gas.  tests  axe  to  be  re- 
ported by  Prof.  White. 

Coal  was  obtained  for  the  tests  from  two  different  mines,  both 
working  the  -Pittsburgh  bed  and  producing  coal  commonly  used  in 
gas  manufQ.cture. 

SOUBC£  OF  THE  COAL. 

The  coal  designated  in  the  tests  "AA15"  was  mmed  November  1, 
1910,  at  the  Schoenberger  mitie  at  Baird  Station,  Washington  Ooimty, 
Pa.  It  consisted  of  a  small  carload  (2 1  i  tons,  net  weight)  of  lump  coal 
screened  over  a  three-fourths-inch  bar  screen,  and  was  loaded  and  sam- 
pled under  the  supervision  of  one  of  the  mining  engineets  of  the  bureau. 
Mine  samples  were  taken  at  six  different  points  in  the  mine  and  a 
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cx>inposite  of  these  made  for  analysis.  The  car  arrived  at  Ann  Arbor 
November  12,  1910,  and  was  unloaded  into  the  bins  November  15 
md  16,  a  gross  sample  of  3  to  4  tons  representing  the  car  being  set 
aside  at  that  time.  On  November  18  and  19  this  gross  sample  was 
reduced  to  two  300-pound  lots  as  described  in  page  24,  and  on 
November  23  these  were  further  reduced  for  analysis  to  two  labora- 
tory samples  of  2^  to  3  poimds  each. 

The  coal  designated  "AA16''  was  mined  December  9,  1910,  at 
Consolidation  No.  63  mine  at  Monongah,  Maritm  County,  W.  Va.  It 
was  a  small  carload  (29}  tons,  net  weight)  of  coal  screened  over  a  three- 
fourths-inch  bar  screen,  loaded  and  sampled  imder  the  supervision  of  a 
mining  engineer  of  the  bureau.  Mine  samples  were  taken  at  four 
different  points  in  the  mine  and  a  composite  of  these  made  for  analy- 
sis. The  car  arrived  at  Ann  Arbor  December  28,  1910,  and  was 
unloaded  into  the  bins  December  30  and  31.  A  gross  sample  of  3  or 
4  tons  was  removed  during  the  unloading  and  reduced  at  that  time, 
as  described  elsewhere  (p.  24),  to  two  300-pound  lots.  On  January 
6,  1911,  these  were  crushed  and  reduced  further  to  laboratoiy  samples. 

TESTS   IN   OPEN    BINS. 

The  bins  were  located  at  the  works  of  the  Ann  Arbor  Gas  Co.  in 
the  open  yard  adjoining  the  retort  house.  The  coal  in  the  bins  was 
exposed  to  the  weather,  the  bins  being  so  constructed  that  the  con- 
ditions in  an  ordinary  coal  pile  10  feet  deep  were  approximately 
simulated.  Each  of  the  two  bins  covered  a  floor  space  11}  by  7) 
feet,  was  10  feet  high,  and  was  divided  by  board  partitions  into  six 
compartm^its.  Each  compartment  was  7}  feet  long,  10  feet  high, 
and  20  inches  wide,  held  about  3  tons  of  coal  at  7  feet  depth  and  4 
tons  at  9}  feet  depth.  The  bins  were  backed  up  against  a  concrete 
wall,  had  a  board  floor,  and  were  imcovered  except  for  a  screen  of 
poultry  netting. 

At  the  end  of  each  successive  period  one  of  the  six  compartments 
was  emptied  and  the  coal  tested,  both  for  heating  value  and  for  gas- 
making  qualities. 

TESTS  OF  BTOBAGE   BY  SUBMERGENCE  UNDER  WATER. 

Four  barrels,  each  holding  300  to  320  poimds,  were  filled,  two  with 
each  kind  of  coal.  Both  ends  of  each  barrel  were  perforated  with 
about  10  f-inch  holes  to  allow  escape  of  air  and  complete  filling  witih 
water  when  submerged. 

The  barrels  of  coal  "AA15,"  numbered  1  and  2,  were  filled  with 
coal  (part  of  the  3  or  4  ton  gross  sample  above  referred  to)  on  Jan- 
uary 7,  1911,  and  were  submerged  January  14,  1911;  those  of  coal 
"AA16,"  numbered  3  and  4,  were  filled  January  9  and  submerged 
January  14. 
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The  barrels  were  lowered  under  the  water  of  a  supply  basin  (seo 
PI.  V,  A,  p.  32)  6  or  8  feet  deep,  near  the  gas  works,  the  water  of 
of  which  is  kept  fresh  constantly  by  springs  and  does  not  freeze. 

One  of  the  barrels  of  each  kind  of  coal  remained  submerged  contin- 
uously until  the  expiration  of  5§  years  of  storage.  The  other  was 
raised  after  the  expiration  of  6  months,  1}  years,  2}  years,  3}  years, 
and  4}  years,  sampled  each  time,  and  returned  to  the  water. 

METHODS  OF  FBEPABING  AND  SAMPLING  GOAL. 

The  cars  of  coal  were  unloaded  by  hand,  single  shovelfuls  being 
thrown  in  rotation  into  each  of  the  six  bins  and  into  a  chute  leading 
to  an  inclosed  sampling  floor.  The  carload  was  thus  divided  into 
seven  equal  representative  portions.  The  portion  on  the  sampling 
floor,  3  or  4  tons,  was,  without  further  preparation,  divided  into  four 
equal  portions,  three  of  these  being  sacked  for  gas  tests,  and  the  fourth 
reserved  for  sampling.  By  alternate  shovelfuls  this  last  quarter  was 
divided  into  two  duphcate  portions  of  800  to  1,000  pounds  each,  and 
these  in  turn  were  each  divided  into  five  equal  portions.  Of  these  five 
portions,  of  160  to  200  pounds  each,  one  served  for  a  special  ''change 
of  weight"  test  in  an  open  ash-can,  two  of  the  others  made  up  the 
barreled  lot  for  submergence,  and  the  last  two  portions,  aggregating 
300  to  400  pounds,  served  for  reducing  down  to  laboratory  samples. 
This  was  done  by  crushing  the  coal  and  quartering  it  in  the  usual 
manner  by  spreading  out  and  rejecting  opposite  quarters.  After  each 
reduction  of  quantity  the  coal  was  crushed  to  a  smaller  size. 

TESTS  TO   DBTEEMIKE   OHANGB   IN   WEIGHT  BITRINQ  STOBAGX. 

In  order  to  determine  the  change  in  weight  of  the  dry  coal  substance 
by  oxidation  or  other  weathering  effect,  during  storage,  two  weighed 
portions  of  each  coal  of  about  200  poimds  each  were  placed  in 
galvanized-iron  ash  cans,  without  covers,  and  exposed  to  outdoor 
conditions.  The  bottoms  of  these  cans  were  perforated  to  allow 
water  to  drain  out,  the  coal  resting  on  two  thicknesses  of  16-mesh  wire 
screening  so  as  to  reduce  mechanical  losses  to  a  minimum.  Similar 
screening  covered  the  tops  of  the  cans.  After  standing  indoors  for 
two  or  three  weeks,  to  become  air-dried,  the  cans  were  weighed  and 
then  buried  to  half  their  depth  in  the  coal  of  the  test  bins.  After 
stated  periods  of  exposure  the  cans  were  air  dried,  weighed,  sampled, 
again  weighed,  and  returned  to  the  bins.  By  computing  from  the 
analysis  and  weight  the  dry  coal  substance  present,  any  change  of 
weight  due  to  weathering  was  determined.  The  weighings  were  made 
with  an  accuracy  of  0.5  pound  or  about  0.2  per  cent. 

The  results  of  these  tests  indicate  little,  if  any,  change  of  weight 
within  the  error  of  measurement  of  the  dry  coal  substance  in  five 
years'  exposure.    Table  17  shows  the  actual  weights. 
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Tablb  17. — Change  wi  weight  cf  PUUhurgh  ga$  coal  during  Jive  yean*  expoture. 


Itom. 


Cml  AA15,  from  Baird 
matkm,  FK  (on  2). 


AfiCflnd. 


AfltrflTe 


Coal  AAlt,  from  Mo- 
noDfUi.  W.  Va.  (can  4). 


Asstofad. 


Altar  flva 


Grois  waiclit,  pounds 

Weiglit  oTean,  pounds. 

N«t  waight  of  eoal,  pounds. 

Moistura  in  ooal,  per  otnt 

Wdffkt  at  dry  ooal,  pounds.. . . . 
Change  In  diy  wal|^t»  per  c«nt. . 


,0 

aoft.5 

3.3 
308.9 


338.5 
30.5 
306.0 
1.6 
3M.7 
•t-0.4 


317.5 

lao 

307.5 

3.9 

301.5 


aao 

305.5 

1.7 

202.0 

+0.3 


The  recorded  weights  of  cans  1  and  3,  taken  at  intervab  during 
the  five  gears'  period,  are  incomplete  and  have  be^i  omitted  from  the 
table;  because,  unfortnnatelj,  a  record  was  not  preserved  in  every 
instance  of  the  weights  both  before  and  after  sampling  so  as  to  show 
how  much  coal  was  lost  in  sampling.  The  final  change  in  weight 
of  these  portions  therefore  represents  both  the  loss  in  sampling  and 
the  change  due  to  weathering,  and  the  latter  is  indeterminate. 

The  results  showing  deterioration  in  heating  value  of  the  two 
coals,  both  in  the  open  bins  and  in  the  submergence  tests,  are  given 
m.  Tables  18  and  19.  It  is  to  be  noted,  as  was  explained  in  connec- 
tion with  the  tests  of  New  River  coal,  that  the  only  fair  basis  for 
comparing  analyses  in  determining  deterioration  is  the  dry  coal 
sabstance,  free  of  sulphur  and  ash. 

On  this  basis  the  amount  of  deterioration  in  one  yearns  open  air 
storage  was  practically  negligible^  even  in  the  upper  six  inches  of 
the  exposed  coal.  During  the  second,  third,  fourth,  and  fifth  years 
the  deterioration  proceeded  very  slowly  and  did  not  reach  an  amount 
greater  than  1.1  per  cent  in  five  years.  The  submerged  portions 
may  be  said  to  have  suffered  practically  no  loss  measureable  by  the 
degree  of  accuracy  used. 
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Table  20. —  Ultimate  componlion  of  eoaUfram  the  PUUburgh  hedy  on  bans  of  ash  and 
moisture  free  substance,  after  various  periods  cf  storage  at  Ann  Arbor,  Jftdb. 


Mine  sample  (com- 
posite)  

Car  sample,  as  ui- 
loaded 

Coal  in  open  bins 
after  4  years' 
weatlierlng 

Coal  in  op^  bins 
after  o  years' 
weathering 

Same,  Mndi  surtuse 
laver 

Coal,  as  submerged 
tor  test 

Same  after  4}  years' 
storage,  sub- 
merged  


"AXIS"  eoal  from  Baird,  Pa. 


Carbcn. 


Per  el, 
85.44 

8&.<I9 


84.91 

8&.S7 
84wM 
85.35 

85.  n 


Hydro- 
gen. 


Pwd. 
5.41 

ft.  33 


&47 

&80 

5.46 
5.M 

5.64 


Nitro- 
gen. 


Peret, 

i.as 

L66 


1.61 

1.70 
L71 
L68 

Le6 


Oxy- 


Peret. 
6.48 

6.70 


6.37 
6L81 
6.41 

6w6» 


Bol- 
phar. 


Peret. 
Lift 

1.15 


1.10 

i.ao 

LOS 
LOS 

L40 


•«  AA16"  coal  from  MoiMngah,^^.  Va. 


Carbon. 


Peret, 
85.17 

84.84 


85.01 

M.  86 
84.05 
84.86 

84.84 


Hydro-  Nltro- 


Peret, 
5.47 

6.67 


6.68 

5.61 
5.74 
1.40 

6.68 


Peret, 
L5i 

L6S 


L74 

L68 
L75 
L68 

L78 


Oxy- 


Peret. 
7.13 

6.88 


6.75 

7.01 
6.88 
7.57 

6L86 


Sul- 
phur. 


Perd. 

an 

.83 


.88 

.81 
.€8 

.96 

.» 


TESTS  OF  POCAHONTAS  OOAIi  XABB  OH  THB  ISTHinrS  OF  PANASfA. 

During  the  year  ended  June  1,  1910,  a  large  number  of  samples 
were  taken  of  Pocahontas  (Va.)  coal  as  tmloaded  on  one  part  of  the 
general  stock  pile  of  the  Panama  Railroad  Co,  at  doek  No.  14, 
Cristobal,  Isthmus  of  Panama.  These  samples  were  analyzed  in 
order  to  determine  the  average  heating  value  of  the  coal,  as  placed 
on  the  pile,  for  comparison  with  the  heating  value  of  the  same  coal 
as  determined  on  removal  from  the  pile  after  different  periods  of 
storage.  Some  time  previous  to  June  1, 1910,  when  the  fact  was  dis- 
covered by  the  Bureau  of  Mines,  this  part  of  the  stock  pile  was 
several  times  almost  entirely  dug  up  and  consumed,  and  no  samples 
of  the  coal  were  taken.  The  analyses  made  up  to  that  time  be- 
came, therefore,  useless  for  any  test  of  deterioration,  and  a  new 
series  of  tests  was  begun. 

On  June  16,  1910,  a  small  test  pile  of  120  tons  of  Pocahontas  run- 
of-mine  was  established  near  dock  No.  14,  separate  from  the  general 
stock  pile.  The  coal  was  the  cargo  of  the  steamship  VauxhaUf  leav- 
ing Norfolk,  Va.,  June  1,  and  unloaded  at  Cristobal  June  13  to  18. 
One  average  sample  of  the  coal  as  placed  on  the  pile  was  sent  to  the 
bureau  for  analysis,  but  no  report  was  made  to  the  bureau  of  the 
exact  method  of  taking  the  sample.  Every  three  months  after  the 
test  pile  was  established  a  10- ton  portion  (consisting  of  an  entire 
vertical  section  across  the  shorter  dimension  of  the  pile)  was  removed 
and  thoroughly  sampled.  Eight  samples  were  taken  each  time,  by 
throwing  aside  400  to  800  poimds  into  each  of  four  boxes,  in  small 
portions  at  regular  intervals  as  the  10  tons  were  removed;  these 
400-pound  portions  were  then  crushed  and  reduced  by  quartering, 
two  small  can  samples  being  taken  from  each. 
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A  sammary  of  the  results  follows : 

Table  2l,StQrage  te$t  of  Pocafumku  ( Fa.)  coal. 
(IV  tons  in  open  pflo,  new  dMk  No.  14,  Cristobal,  Isthmus  of  Panama.! 


Itnoi. 


AiNkyiog  loBB. . 
Cad,  M  reeeiyod; 

MoMiire.... 

Ash 

Bolpliiir 


British  theraaal  mitts 

Coy ,  fraa  of  mototure.  solphor 
8ndMh(caleiilitod): 

CUoritt 

BrttiBiithflnMlantto 

F^ntotasB  of ka  (in  B.t.ii.) 
durtncstonfft 


OriglBtf 

assUvBd, 

Jane  16, 

1910 
(samplsX 


&5I 

.71 

8,188 

14,788 


«8,7M 


AftorS 
iths' 


Sept^, 

1910 
(aTornBioC 


4.87 
4.98 

^n 

.49 

7,7tl 

18,808 


J: 


789 


ao8 


s 


Aftera 
months' 
storace, 
Dec  18, 

1910 
aTeraceof 
■mples). 


8.38 
8.78 


.83 

7,886 

18,736 


8,7S1 
16,770 

a88 


After  9 
months' 

1911 
(averanof 
daampiBS). 


8.80 

4.47 
6.68 

.69 

7,704 
18,976 


8^708 
16,770 

ass 


After  13 

months' 

storace, 

JulylS, 

1911 

(areraceof 

8  samples). 


4.31 

6.84 

8.30 

.48 

7,718 

13,889 

8,^ 
16,773 

a  37 


Afters 
years' 

wors»» 

June  16, 

1913 

faveraMOf 

d  samples). 


6.66 

8.79 

8.68 

.67 

7,608 

13,516 


8,738 
16,701 

a  81 


•Poraohack  ontfeiBanaMs 
UmOtd  at  Norfolk.  Jum  1, 1910,  show  on 
Qf8,7M»Ga|oriBB. 


ilcnd,  tba  aoaims  of  14  iampias  takoi  fkom  the  same  carso  when 
the  moisture,  sulphur,  and  aaiwree  basis  an  average  calorific  value 


As  explained  under  the  ?ep<Nrt  on  New  River  coal,  the  only  fair 
basis  of  companacm  in  studying  deterioration  of  heating  value  is  the 
coal  sabstanoe  free  of  its  accidental  impurities — ^moisture,  sulphur, 
and  ash. 

Qq  this  baWy  Iheteto^  and  on  the  basis  of  averagiB  samples  of 
the  entire  oR)6S-eecti<ni  of  the  pik,  the  results  given  in  Table  21  show 
that  during  one  yearns  outdocMr  exposure  this  coal  deteriorated  very 
alightlf  (less  than  0.4  per  cent)  in  heating  value,  and  that  the  deteri- 
oration took  place  entirely  during  the  first  six  numths  (June  15  to 
Dec.  15).  There  was  a  further  deterioration  of  0.4  per  cent  during 
the  second  year. 

The  climatic  conditions  during  the  period  of  storage  are  indicated 
by  the  following  table: 

Table  22. — Monthly  temperaitare  averages  and  precipitalion  at  Colon j  R.  P.,  June  1, 

1910,  to  Jtme  1, 1912. 


Total 
preeipltaF 


1910. 

'■BB 

Wy 

Asgast 

OrtflUr 

Norembv 

Bmabtr 

, I9I1. 

•iBosry ................ 

Wirwry 

ll«h..: 


Tsmperature  of  air. 

Average 
tempera- 

Average 

mean. 

Average 
mudmam. 

Highest. 

ture  of  sea 
water. 

•  F, 

*  F. 

•  F. 

•  F. 

79.4 

88.9 

89 

83.1 

77.6 

82.1 

85 

82.6 

78.4 

82.6 

86 

83.3 

78w6 

84.0 

88 

88.6 

716 

84.4 

89 

89L5 

77.8 

82.1 

88 

80.6 

77.8 

8QL6 

89 

79.8 

7&4 

81.4 

83 

80.3 

77.9 

8L1 

83 

.     80.8 

7B.8 

8L6 

83 

80L3 

InehfM. 
18.83 
21.07 
14.98 
12.06 
15.66 
30.04 
15.30 


1.81 
1.41 
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Tablb  22. — Monthly  temperature  averages  and  precipitation  at  Colon,  R,  P.,  June  7, 

1910y  to  June  i,  IWf— Continued. 


1911. 

April 

Mb7 

June. 

July 

Aucust 

September 

October 

November 

December 

1912. 

January 

February 

March 

April 

May 


Tempenatttie  of  atr. 

Average 
tempera- 

Avwage 
mean. 

Average 

Highest. 

ture  of  sea 
water. 

•  F. 

•  F. 

•  F. 

•IP. 

79.6 

82L8 

84 

81.6 

79.« 

84.8 

88 

82.6 

79.3 

83.7 

88 

82.4 

81.1 

84.4 

86 

84.0 

79.7 

88.6 

86 

84.1 

80.6 

84.7 

90 

84.8 

79i4 

83.^ 

90 

81.6 

79.4 

84.3 

89 

81.9 

82.0 

86.4 

89 

81.7 

82.1 

86.4 

88 

80.9 

8a8 

84.7 

88 

80.7 

82.5 

86.8 

88 

81,1 

82.8 

87.7 

90 

82.8 

82.0 

86.6 

-t 

91 

83.4 

preclpita- 
tioii. 


3.06 
17.13 
1&5R 
14.58 
11. 60 
11.62 
16u53 
15.81 

2.63 


1.81 

a66 

O.  75 
12LQ3 


TBSTS  OF  SHEBIDAN  (WYO.)  STTBBITtJlCINOtJS  GOAL. 

About  December  30,  1907,  five  wooden  bins,  (constructed  by  tho 
Chicago,  Burlington  &  Quincy  Railway  Co.  in  the  railroad  yards  at 
Sheridan,  Wyo.,  were  filled  with  coal  from  the  Diets  mines  near  Sheri- 
dan. The  bins  adjoined  one  another  in  the  same  structure,  the  side 
walls  of  each  serving  as  partitions.  They  were  built  of  heavy  matchod 
lumber,  but  allowed  more  or  less  circulation  of  air  through  cracks. 
One  bin  was  left  without  roof,  and  the  coal  tiius  fully  exposed  to  the 
weather,  but  the  other  four  were  roofed  over. 

Bin  1,  4  feet  wide,  8  feet  high,  with  open  top  and  end,  contained 
about  4  tons  of  run-of-mine  coal  piled  about  6  feet  deep. 

Bin  2  was  a  duplicate  of  bin  1,  except  that  top  and  ends  were 
closed. 

Bin  3,  of  the  same  size  as  bins  1  and  %  with  closed  top  and  ends, 
contained  about  4  tons  of  run-of-mine  coal,  moistened  with  about  7 
per  cent  of  added  water. 

Bin  4,  4  feet  wide,  18  feet  high,  with  closed  top  and  ends,  contained 
10  to  12  tons  of  run-of-mine  coal,  piled  about  15  feet  deep. 

Bin  5  was  a  duplicate  of  bin  4,  except  that  slack  coal  (through 
3-inch  mesh  screens)  was  used  instead  of  run  of  mine. 

Bins  1,  2,  3,  and  4  were  loaded  with  run-of-mine  coal  from  one 
carload,  and  three  samples  were  taken  from  the  car  as  it  was  imloaded. 
Small  portions  were  thrown  aside  at  regular  intervals  during  the 
unloading,  and  the  three  gross  samples  thus  obtained  were  crushed 
to  one-half-inch  size  and  quartered  down.  Bin  6  was  filled  frona  a 
car  of  the  commercial  output  of  slack  coal  (3-inch  screenings),  and 
one  sample  was  taken  by  the  method  just  described. 

All  sampling  after  that  at  the  start  of  the  tests  and  prior  to  that 
at  the  expiration  of  two  and  three-fourths  years  was  done  by  the  so- 
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called  "grab"  method,  so  as  not  to  disturb  the  entire  lot,  and  thus 
expose  its  under  portions  to  undue  weathering.  A  spot  2  by  3  feet 
square  was  dug  away  for  about  1  foot  in  depth  and  several  small, 
well-distributed  portions  removed  therefrom.  These  were  combined, 
crushed,  mixed,  and  quartered  to  the  laboratory  size. 

The  sampling  carried  out  October  1*,  1910,  after  a  two  and  three- 
fourths  years'  period,  was  done  by  rehandling  the  entire  amoimt  in  each 
bin.  The  coal  was  transferred  to  a  temporary  bin,  and  during  the 
transfer  an  average  sample  was  taken  by  the  method  used  when  load- 
ing the  bins.    The  coal  was  then  returned  to  its  proper  bin. 

The  samples  were  mailed  to  the  Pittsburgh  laboratory  in  sealed 
metal  cans  and  there  analyzed.  The  "unit  coal*'  basis,  as  previously 
expluned  (p.  12),  was  used  in  all  comparisons  of  calorific  values. 

It  was  impracticable  in  these  tests  to  determine  accurately  the 
change  in  weight  of  the  actual  fuel  substance  of  the  coal,  and  in  fact  an 
element  of  uncertainty  due  to  the  same  cause  enters  into  practically 
all  tests  of  deterioration  of  the  coal.  Laboratory  experim^itB  have 
shown  that  coal  ordinarily  increaises  slightly  in  weight  on  exposure 
to  the  diTy  if  the  measurement  be  made  on  the  basis  of  actual  fuel 
substance.  It  is  possible,  therefore,  that  the  net  los&es  in  heating 
Tahie  may  be  slightly  less  than  are  reported,  »nce  the  actual  weight 
of  fuel  substance  present  may  be  somewhat  greater,  although  its  beat 
value  is  less  than  when  the  coal  was  stored. 


Table  23. — Lo8$  in  heal  value  of  Sheridan  (Wyo.)  coal  during  storage. 


Biol— opoi: 

As  stored.... 

Alter  3  moDtbs 

AfterSmonthfl. 

After  2f7eu8 

BtaS-HdOMd: 

Asttond. 

AXtarainoDtbs. 

After  9  months. 

BID  3— dosed,  coal  madsteiied: 

As  stared 

Altera  months. 

Afterp  months. 

After  2|jiarB 

Bfo4~deep.  dosed: 

Asst«M 

After  3  months 

After  9  months. 

Bta  5--GiOBea,  deep*,  screentngs; 

As  stored. 

A  Iter  3  months. 

After9ra«iths 

After  21  years 


As  received. 


Mois- 
ture. 


Percent. 
21.38 
21.06 
S(K39 
18.75 

21.38 
20.93 
17.67 
1&32 

21.88 
22.00 
18.85 
lfi.82 

21.38 
20.38 
18.78 
12.53 

20.82 
20.65 
18.21 
10.20 


Ash. 


Percent. 
7.77 
9.83 
8.62 
2.24 

7.77 
10.30 
10.00 

7.96 

7.77 
9.50 
7.90 
9.70 

7.77 
9.00 
6.56 
9.84 

11.62 
10.63 
10.87 
11.99 


Sul- 
phur. 


Percent. 

1.11 

1.05 

.88 

.76 

1.11 
.81 

1.08 
.86 

1.11 

1.00 

1.01 

.90 

l.U 
.91 
.80 
.94 

1.21 

.88 
.04 
.92 


Calo- 
ries. 


5,181 
4,915 
4,982 
5,250 

5,181 
4,907 
5,034 
5,420 

5,181 
4,821 
5,129 
5,244 

6,181 
5,116 
5,221 
5,381 

4,015. 
4,582 
4,974 
4,975 


B.t.u. 


9,326 
8  847 
8,968 
9,450 

9,326 
8,833 
9,061 
8,756 

9,326 

8,678 
0,?»2 
9,439 

9,326 
9,209 
9,384 
9,686 

8,847 
8,788 
8,953 
8,955 


"Unit  coal" 
basis. 


Calo- 
ries. 


7,370 
7,174 
7:070 
7!l35 

7,370 
7,202 
7,010 
7,004 

7,370 
7,109 
7,053 
7,076 

7,370 
7,303 
7,033 
6,082 

7,355 
7,166 
7,066 
6,990 


B.t.u. 


13,286 
12,913 
12^726 
12,843 

13,266 
12,964 
12,618 
12,769 

12,796 
12,695 
12,737 

13,236 

13, 145 

12,659 

,12,568 

13, 199 
12,899 
12,719 
12,582 


Lowiin 
B.  t.  U. 


Per  cent. 


2.66 
4.07 
3.19 


2.28 
4.88 
3.75 


3.54 
4.30 
3.99 


.91 

4.57 
5.26 


2.57 
3.93 
4.96 


Three  mine  samples  were  taken  from  the  Dietz  mines  at  different 
times,  one  from  No.  2  mine,  April  9,  1909,  one  from  No.  4  mine, 
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November  22,  1911,  and  one  from  No.  2  mine,  November  22,  1911. 
The  analyses  of  these  tliree  mine  samples  are  given  below  for  com- 
parison with  those  of  the  car  samples  taken  when  the  coal  wa9  stored. 
These  samples  represent  the  average  commercial  output  of  the  mines. 
The  interval  of  two  and  one-third  years  between  these  san^)le8  gives 
a  check  on  the  uniformity  of  the  sampling  and  analytical  miethods. 

Table  24. — Analyses  of  samples  of  coal  from  DieU  mines,  Shmdan,  W^o. 


Mine  from  wbleh  aanple  was 
tftken. 


No.  2. 
No.  2. 
No.  4. 


Aa  wcttnUL. 


lloiBtiueu 


Percent. 
22.M 
2L64 
2X^5 


Ash. 


Per  cent. 
4,96 
&9» 
&4A 


Svlfdivr. 


Percent. 
0.T4 
1.28 
1.18 


CalflriM. 


6,232 
5,058 

4,^ 


B.  t.  u. 


9,418 
9, 104 
8^993 


<'UiiIteoii"lM8is.a 


Oalori0». 


7,3«r 

7>3S6 
7,21» 


B.  t.  a. 


13,261 
IS,  244 
U,174 


a  Moisture,  snlphiir,  and  ash-fm  basis. 

AftOT  nine  months  (Sept.  1,  1908)^  a  photograph  was  taken  of  bins  1 
and  2,  showing  the  ejQfect  of  the  closed  bin  as  compared  witibi  the  open 
in  preventing  slacking  of  lumps.  (See  PL  V,  B,)  After  two  and 
three-fourths  years  (S^tember,  1910)  the  coal  in  each  bin  was  photo- 
graphed at  rather  close  range,  before  and  after  removal  from  the 
bins,  so  as  to  show  its  physical  appearance  both  on  the  surface  and 
after  being  thoroughly  mixed  by  rehandling.  (See  Pb.  V,  (7,  VI, 
and  VII.)  Careful  observations  also  were  made  at  this  time  to  de- 
termine the  extent  of  the  slacking  in  each  bin. 

Bin  1  (opeU;  coal  piled  5  feet  deep):  A  fairly  imiform  layer,  8 
inches  to  12  inches  thick,  of  closely  packed^  finely  disintegrated  coal 
(see  Fl.  VI;  A)  had  formed  over  the  surface.  Below  that  the  coal  was 
practically  in  the  same  condition  as  when  stored.  Near  the  center, 
especially,  the  lumps  were  harder  and  brighter  than  at  the  sides, 
and  harder  also  than  those  in  bins  2,  3,  and  4.     (See  PL  VII.) 

Bin  2  (closed,  coal  piled  6  feet  deep):  Coal  had  slacked  somewhat 
on  the  surface  (PL  VI,  B\  but  had  not  completely  disintegrated, 
as  had  coal  in  bin  1.  The  lumps  all  through  the  bin  were  of  a  duU 
color  and  showed  more  or  lees  cracking.  (See  PL  VII,  B.)  They 
broke  up  badly  on  handling. 

Bin  3  (closed,  6  feet  deep,  coal  moistmied):  Lumps  had  cracked 
and  weakened  more  than  in  bin  2;  otherwise  appearance  was  nearly 
the  same. 

Bin  4  (closed,  run-of-mine  coal,  15  feet  deep):  Physical  appear- 
ance of  coal  in  the  upper  two-thirds  of  bin  was  much  the  same  as  in 
bin  2,  that  is,  the  lumps  were  still  more  or  less  intact,  but  were 
cracked  and  weakened  so  that  they  broke  up  badly  on  handling. 
The  coal  in  the  lower  third  of  the  pile  seemed  to  be  somewhat  brighter 
and  firmer. 


F  SUBMERGING  BARRELS  OF  PI1TSSURGH  COAL  AT  ANN  ARBOR,  MICH. 


B.    SUBBITUMINOUS  COAL  STORED  AT  SHERIDAN,  WVO.,  AFTER  Jii  VEARS. 


a    SUBBITUMINOUS  COAL  FROM  BIN  1,  AFTER  m  YEARS'  STORAGE  AT  SHERIDAN,  WVO. 


SUBBmJUIHOUS  COAL  IN  BIN  1,  AT  SHERIDAN,  WVO,  AFTER  Ifj  YEARS'  STORAGE. 


A    SUBBFTUMINOUS  COAL  IN  BIN  I,  AT  SHERIDAN,  WYO„  AFTER  IH  YEARS'  STORAGE. 


A.    NEAR  VIEW  OF  COAL  Fl 


B.    NEAR  VIEW  OF  COAL  FROM  BrN  ],  AFTER  REMOVAL.    NOTE  SIZE  OF  LUMPS.    (SHERIDAN, 
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Bin  5  (doMd^  scrdeiiings,  15  feet  deep):  Coal  apparently  was  less 
weathered  than  in  bin  4;  seemed  to  have  been  very  little  altered  in 
lower  two-thirds  of  pile. 

Relemng  to  the  results  in  Table  23,  dnring  the  first  three  months, 
the  giMtest  loss,  3.54  per  cent,  was  in  the  shallow  bin,  bin  3,  whera 
Uie  coal  had  been  moistened.  Then  followed,  in  order,  bin  1,  2.06 
per  cant;  bin  5,  2.57  per  cent;  bin  2,  2.28  per  cent;  and  bin  4,  0.91 
per  eent.  The  added  moisture  seemed  to  increase  the  deterioration. 
Aft^iiine  months,  however,  the  order  was  changed,  bin  2,  the  closed, 
shallow  bm,  showing  tiie  greatest  loss,  4.88  per  cent;  and  following 
that,  in  order,  bin  4,  4.57  per  cent;  bin  3,  4.30  per  cent;  bin  1,  4.07 
per  cent;  bin  5,  3.93  per  cent.  During  the  hot,  dry  weather  of  sum- 
mer, the  deterioration  had  been  more  or  less  equahzed  in  all  the  bins. 
Bin  1,  the  open  bin,  seems  to  have  been  protected  by  its  surface 
layer  of  slack  fully  as  well  as  the  others  were  by  the  roof  of  the  bins. 

The  seemingly  greater  loss  of  heat  value  at  this  nine  months'  stage 
in  bins  1,  2,  and  3  than  was  shown  two  years  later  in  the  same  bins 
is  easily  explained  by  the  fact  that  the  nine  months'  samples  were 
grab  samples  taken  8  to  12  inches  below  the  surface,  where  greater 
weathering  could  occur,  whereas  the  2|-year  samples  were  representa- 
tive of  the  entire  lot  in  each  bin  and  included  parts  from  the  interior 
that  were  scarcely  weathered  at  aU. 

After  2f  years  bin  4,  the  deep  closed  bin,  showed  the  greatest  loss, 
5.26  per  cent;  then  followed,  in  order,  bin  5,  4.96  per  cent;  bin  3, 
3.99  per  cent;  bin  2,  3.75  per  cent;  and  bin  1,  3.19  per  cent. 

CONCLUSIONS. 

TirMfmtlj  Sheridan  coal  under  the  conditions  of  these  tests  loses 
3  tO'wl  pw  cent  of  its  heat  value  in  about  three  years'  storage,  the 
[Tnalnjrart  (70  to  80  per  cent)  of  this  loss  being  in  the  first  nine 
mon^ili^    Daring  the  period  of  2}  years  the  deep  bins  suffered  the 

lo0By  probably  because  their  sides  offered  greater  surface  for 

air  than  those  of  the  small  bins.  The  latter  became  covered 
witliffi[2*inch  layer  of  fine  slack  that  helped  to  protect  the  layers 
bennlp^firom  oxidation.    In  the  deep  bins,  the  lumps  became  badly 

but  retained  their  form  sufficiently  to  give  more  ready  ac- 

%  and  thus  permit  greater  oxidation. 

storage  of  Sheridan  coal  for  more  than  three  months,  cover- 
is  not  as  advantageous  as  the  use  of  air-tight  bottoms 
(of  concrete,  for  example),  and  the  accumulation  of  a  pro- 
tectoiiy  layer  of  fine  slack  on  the  surface.  The  deterioration  of  Sheri- 
dan Mat  in  heat  value  can  probably  in  this  manner  be  kept  below 

3  per  cent  in  one  year,  and  will  probably  not  increase  to  more  than 

4  per  cent  in  two  or  three  years  if  the  coal  remains  undisturbed. 

8»794<»— BuU.  136—17 ^3 
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Ph]rsical  deterioration  (slacking)  is  also  largely  prevent«ed  in  the 
under  portions  by  the  formation  of  a  closely  packed  layer  of  slack, 
at  least  12  inches  thick  on  the  surface. 

Although  no  indications  of  spontaneous  heating  were  noted  in  the 
tests  herein  described,  it  is  found  in  practice  to  be  dangerous,  on 
account  of  dangerous  heating,  to  store  Sheridan  coal  in  piles  greater 
than  about  10  feet  in  depth  or  width.  In  large  masses  of  coal  radia- 
tion of  spontaneously  developed  heat  is  restricted  to  a  dangerous 
degree.  Submei^ence  under  water  would  probably  prove  particu- 
larly advantageous  as  a  means  of  safely  storing  subbituncdnous  coal 
of  the  Sheridan  type. 


PUBLICATIONS  ON  THB  COMPOSITION  OF  COAL. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  imtil  the 
edition  is  exhausted.  Kequests  for  all  publications  can  not  be  granted, 
and  to  insure  equitable  distribution  applicants  are  requested  to  limit 
their  selection  to  pubUcations  that  may  be  of  especial  interest  to 
them.  Requests  for  publications  should  be  addressed  to  the  Director, 
Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  f reaj^stribution  as  well  as  those  obtainable  only  from 
the  Superintended  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  Ust. 

PUBLICATIONS  AVAILABLE  FOR  FREE  DISTRIBUTION. 

BvLLBiTN  28.  ExperimentKl  work  conducted  in  the  chemical  laboratory  of  the 
United  States  fuel-testing  plant  at  St.  Louis,  Mo.,  January  1,  1905,  to  July  30,  1906, 
byN.W.  Lord.    61pp. 

Bulletin  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal  years 
1911  to  1913,  by  A.  C.  Fieldner,  H.  I.  Smith,  A.  H.  Fay,  and  Samuel  Sanford.  1914. 
444  pp.,  2  figs. 

Bulletin  116.  Methods  of  sampling  delivered  coal,  and  specifications  for  the 
purchase  of  coal  for  the  Gbvemment,  by  6.  S.  Pope.    1916.    64  pp.,  5  pis.,  2  figs. 

Bulletin  119.  Analyses  of  coals  purchased  by  the  Government  during  the  fiscal 
yean  1908-1915,  by  6.  S.  Pope.    1916.    118  pp. 

Tkghnical  Paper  2.  The  escape  of  gas  from  coal,  by  H.  G.  Porter  and  F.  K.  Ovlts. 
1911.    14  pp.,  1  fig. 

Technical  Papbb  5.  Constituents  of  coal  soluble  in  phenol,  by  J.  C.  W.  Frazer 
and  E.  J.  Hoffman.    1912.    20  pp.,  1  pi. 

Technical  Paper  8.  Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton  and 
A.  C.  Fieldner.    1913.    42  pp.,  12  figs. 

Technical  Paper  16.  Deterioration  and  spontaneous  heating  of  coal  in  storage,  a 
preliminary  report,  by  H.  G.  Porter  and  F.  K.  Ovitz.    1912.    14  pp. 

Technical  Paper  35.  Weathering  of  the  Pittsburgh  coal  bed  at  the  experimental 
mine  near  Bruceton,  Pa.,  by  H.  G.  Porter  and  A.  G.  Fieldner.    1914.    35  pp.,  14  figs. 

Tbchincal  Paper  64.  The  determination  of  nitrogen  in  coal,  a  comparison  of  vari- 
ous modifications  of  the  Kjeldahl  method  with  the  Dumas  method,  by  A.  G.  Fieldner 
and  C.  A.  Taylor.    1915.    25  pp.,  5  figs. 

Technical  Paper  76.  Notes  on  the  sampling  and  analysis  of  coal,  by  A.  G.  Field- 
ner.   1914.    59  pp.,  figs  6. 

Technical  Paper  113.  Some  properties  of  the  water  in  coal,  by  H.  G.  Porter  and 
0.  C.  Ralston.    1916.    30  pp.,  3  figs. 

Technical  Paper  140.  The  primary  volatile  products  of  the  carbonization  of  coal; 
a  Bequd  to  Bulletin  1,  The  volatile  matter  of  coal,  by  6.  B.  Taylor  and  H.  G.  Porter. 
1915.   59  pp.,  1  pi.,  25  figs. 
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PUBLICATIONS  THAT  MAY  BE  OBTAINED  ONLY  TBBOUOH  THE 

SUPERINTENDENT  OF  DOCUMENTS. 

Bulletin  1.  The  volatile  matter  of  coal,  by  H.  C.  Porter  and  F.  K.  Ovitz.  1910. 
56  pp.,  1  pi.,  9  figs.    10  cents.  • 

Bulletin  11.  The  purchase  of  coal  by  the  Government  under  specifications,  'with 
analyses  of  coal  delivered  for  the  fiscal  year  1906-9,  by  G.  S.  Pope.    80  pp.    10  cents. 

Bulletin  22.  Analyses  of  coals  in  the  United  States,  with  descriptions  of  mine 
and  field  samples  collected  between  July  1,  1904,  and  June  30, 1910,  by  N.  W.  Lord, 
with  chapters  by  J.  A.  Holmes,  F.  M.  Stanton,  A.  C.  Fieldner,  and  Samuel  Sanford, 
1912.  Part  I,  Analyses,  pp.  1-321;  Purt  II,  Descriptions  of  samples,  pp.  321-1129. 
85  cents. 

Bulletin  29.  The  effect  of  oxygen  in  coal,  by  David  White.  80  pp.,  3  pis.  20 
cents. 

Bulletin  38.  The  origin  of  coal,  by  David  White  and  Reinhardt  Thieesen,  witli  a 
chapter  on  the  formation  of  peat,  by  G.  A.  Davis.    1913.    890  pp.,  54  pis.    80  cents. 

Bulletin  41.  Government  coal  purchases  under  8pecific^i»ns,  with  analyses  for 
the  fiscal  year  1909-10,  by  G.  S.  Pope,  with  a  chapter  on  the  fWdnspection  laboratory 
of  the  Bureau  of  Mines,  by  J.  D.  Davis.    1912.    97  pp.,  3  pis.,  9  figs.    15  cents. 

Bulletin  63.  SampUng  coal  deliveries  and  types  of  Government  specifications  for 
the  purchase  of  coal,  by  G.  S.  Pope.    1913.    68  pp.,  4  pis.,  3  figs.    10  cents. 

Technical  Paper  65.  A  study  of  the  oxidation  of  coal,  by  H.  C.  Porter.  1914.  30 
pp.,  12  figs.    5  cents. 

Technical  Papeb  93.  Graphic  studies  of  ultimate  analyses  of  coals,  by  O.  €•  Rals- 
ton»  with  a  preface  by  H.  C.  Poirter.    1915.   41  pp.,  3  pis.,  6  figs.    10  oenta. 
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PREFACE. 

In  1911  the  Greneral  Assembly  of  the  State  of  Illmois,  with  a  view 
to  safeguarding  the  lives  of  mine  workers  and  conserving  the  mineral 
resources  of  the  State,  authorized  an  investigation  of  the  mining 
practices  and  the  coal  resources  of  Illinois  by  the  department  of 
mining  engineering  of  the  University  of  Illinois  and  the  State  geo- 
li^cal  survey,  in  cooperation  with  the  United  States  Bureau  of  Mines. 
A  cooperative  agreement  *  was  approved  by  the  Secretary  of  the 
Interior  and  by  representatives  of  the  State  of  Illinois. 

Reports  of  the  mining  practices  in  the  eight  districts  into  which 
the  State  was  divided,  a  general  summary  of  mining  practices  in 
Illinois,  and  a  report  on  the  general  theory  of  subsidence  have  been 
published  by  the  mining  department  of  the  University  of  Illinois. 
A  study  of  the  percentage  of  extraction  of  coal  is  now  in  progress. 

The  State  geological  survey  has  investigated  and  published  reports 
on  coal  analyses  and  on  the  coal  resources  of  four  districts  and  will 
complete  reports  on  the  remaining 'districts.  It  has  also  published 
a  report  on  the  evidences  of  subsidence  due  to  coal  mining  and  another 
on  the  availabihty  of  roof  and  floor  clays  and  shales  at  coal  mines 
for  the  manufacture  of  clay  products. 

The  Bureau  of  Mines  has  published  as  a  result  of  this  work :  Bulle- 
tin 72,  ''Occurrence  of  Explosive  Gases  in  Coal  Mines" ;  Bulletin  83, 
"The  Humidity  of  Mine  Air";  Bulletin  99,  ' ^Mine-Ventilation  Stop- 
pings,  with  Especial  Reference  to  Coal  Mines  in  Illinois" ;  and  Bulle- 
tin 102,  '^The  Inftammabihty  of  Illinois  Coal  Dusts." 

The  study  of  mine  air,  mine  fires,  and  the  use  of  explosives  is  being 
continued,  and  the  coking  and  gas-producing  qualities  of  Illinois 
coals  are  being  investigated.  A  detailed  investigation  of  subsidence 
in  Illinois  is  being  undertaken  jointly  by  the  parties  to  the  agreement. 

Van.  H.  Manning, 

Director. 


0  For  details  of  agreement  see  preliminary  report  on  organization  and  method  of  investigations:  Illinois 
Cadrlfining  lavostigatiODS,  Cooperative  Agreement,  1913,  71  pp. 
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THE  USE  OF  PERMISSIBLE  EXPLOSIVES  IN  THE  COAL 

MINES  OF  ILLINOIS. 


By  James  R*  Fleming  and  John  W.  Kostbb. 


IFTEODTTCTIOF. 

The  following  report  is  made  through  the  Bureau  of  Mines  as  a 
result  of  the  work  under  the  cooperative  agreement  with  the  State 
geological  survey  and  the  engineering  experiment  station  of  the 
University  of  Illinois.  It  deals  with  the  use  of  permissible  explosives 
in  the  coal  mines  of  Illinois,  and  is  intended  primarily  to  present  to 
mining  men  the  possibility  of  assuring  safer  conditions  in  mining 
through  the  use  of  these  explosives. 

Twenty  ooal  mines  in  Illinois  were  using  these  relatively  safe 
explosives  at  the  time  this  report  was  prepared.  Of  these,  seventeen 
were  in  Franklin  County,  two  were  in  Saline  County,  and  one  in 
Montgomery  County.  In  these  various  fields  experience  had  shown 
that  although  black  blasting  powder  was  a  useful  agent  in  breaking 
down  the  coal  at  the  working  face,  yet  it  had  given  such  conclusive 
evidence  of  its  danger  to  life  and  property  in  causing  explosions  and 
mine  fires  that  a  substitute  was  sought  and  has  been  found  in  per- 
missible explosives. 

Each  coal  mine  in  Illinois  in  which  permissible  explosives  are  used 
was  visited  and  a  study  made  of  the  problems  involved. 

The  report  deals  briefly  with  the  dangers  of  black  blasting  powder 
now  in  such  conunon  use  in  coal  mining.  It  discusses  the  develop- 
ment of  permissible  eiq>losives  and  their  introduction  into  Illinois 
ooal  mines  and  points  out  the  characteristic  differences  between  per- 
mianble  explosives  and  blaok  blasting  powder.  The  present  system 
of  blasting  and  the  most  approved  methods  of  using  permissible 
explosives  are  described.  Data  are  given  to  show  that  not  only  has 
safety  and  efficiency  in  these  mines  been  greatly  improved,  but  that 
the  cost  of  explosives  to  the  miner  per  ton  of  coal  has  been  reduced, 
and  that  siases  of  coal  produced  from  permissible  explosives  compare 
favorably  with  those  previously  obtained  at  the  same  mines  with 
black  blasting  powder.  The  successful  use  of  permissible  explosives 
in  these  Illinois  mines  as  well  as  in  many  other  mines  throughout  the 
country  should  aid  in  their  introduction  into  a  larger  nimiber  of 
mines  and  bring  a])out  that  degree  of  freedom  from  explosions  and 
files  which  should  be  attained  in  mining. 
88020^—17 — ^1 
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Geological  Survey,  H.  H.  Stock,  head  of  the  department  of  mining 
engineering,  University  of  Illinois,  and  H.  I.  Smith,  district  mining 
engineer  of  the  bureau,  for  active  cooperation;  to  S.  P.  Howell  and 
W.  C.  Cope,  of  the  explosives  section  of  the  bureau,  for  information 
on  details  of  the  work  covered  by  their  respective  departments ;  and 
to  J.  J.  Rutledge,  mining  engmeer  of  the  bureau,  for  certain  field  data. 

THE  COAL  FIELDS  OF  ILLINOIS. 

COAL  BE  SERVES. 

As  reported  by  the  Illinois  State  Geological  Survey,  the  coal 
reserves  of  the  State  approximate  200,000,000,000  (short)  tons,®  a 
supply  sufficient  to  meet  the  entire  Nation's  needs  for  more  than 
200  years  at  the  present  rate  of  consumption,  allowing  for  only  a 
50  per  cent  recovery  of  coal.  There  are  five  workable  seams  of  com- 
mercial importance.  The  territory  underlaid  with  coal  embraces 
approximately  36,800  square  miles,  or  65  per  cent  of  the  area  of  the 
State. 

PRESENT  PRODUCTION. 

During  the  fiscal  year  ended  June  30,  1915,^  the  mines  of  Illinois 
produced  57,601,694  tons  of  coal.  Of  this  total,  the  No.  6  seam  fur- 
nished 69.63  per  cent  and  the  No.  5  seam  20.21  per  cent.  These  two 
seams,  which  include  all  the  mines  now  using  permissible  explosives, 
therefore  furnish  about  90  per  cent  of  the  total  output  of  the  State. 

METHODS  OF  MINING. 

There  are  three  general  methods  of  mining  coal  in  the  State  of 
Illinois,  as  follows: 

1.  Stripping. 

2.  Longwall  advancing. 

o  Preliminary  report  an  organlsatiaii  and  niethod  of  investlgatioDs:  Illinois  Coal-Mining  Inyestlgatloos, 
CooperatlTo  Agreement,  1913,  p.  25. 
b  Thirty-foorth  ammal  ooal  report  of  Illinois,  State  Mining  Board,  1916,  p.  W. 
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3.  Room-and-pillar: 

a.  Common  double-entry,  room-and-pillar  system. 
h.  Panel  system. 

In  stripping  operations  the  dangers  of  explosions  and  fires  are  not 
found  as  in  underground  workings. 

In  the  longwaU  mines  the  roof  pressure  usually  takes  the  place  of 
explosives  in  breaking  down  the  undercut  face. 

The  room-and-pillar  mines,  including  the  common  double-entry, 
room-and-piUar  system  and  also  the  panel  system,  provide  94  per 
cent  of  the  total  output  of  the  State.  Coal  undercut  by  machines 
constituted  59.1  per  cent^  of  the  total  State  production  in  1915. 
The  greater  part  of  the  remainder  was  from  mines  in  which  the  coal 
was  shot  off  the  solid.    In  a  few  mines  undercutting  is  done  by  hand. 

AXOTENT  OF  SSO^LOSIVSS  USBD  JX ILLIKOIS  JONES  AND  TONNAGE 

FBODUCED. 

For  the  fiscal  year  ended  June  30,  1914,  a  total  of  60,715,795 
short  tons  of  coal  was  produced  in  Illinois.  Of  this  amount  approxi- 
mately 56,400,000  tons  was  obtained  with  the  use  of  explosives. 
To  obtain  this  production,  31,607,200  pounds  of  black  blasting 
powder  and  930,596  pounds  of  permissible  explosives  were  used. 
Although  the  amount  of  permissible  explosives  formed  only  3  per 
cent  of  the  total  quantity  of  explosives  used,  approximately  6,000,000 
tons  of  coal,  or  more  than  10  per  cent  of  the  total  quantity  obtained 
by  explosives,  was  obtained  by  the  use  of  permissible  explosives.* 

During  the  fiscal  year  ended  June  30, 1915,  of  the  total  of  57,601,694 
short  tons  of  coal  produced,  approximately  53,600,000  tons  was 
obtained  with  the  use  of  explosives,  27,683,150  pounds  of  black 
blasting  powder  and  1,342,334  pounds  of  permissible  explosives 
being  used.^  In  this  year  approximately  7,680,000  tons  of  coal,  or 
14.3  per  cent  of  the  total  quantity  obtained  by  explosives,  was  pro- 
duced by  the  use  of  permissible  explosives.  The  tonnage  produced 
by  permissible  explosives  is  divided  approximately  as  follows: 
Franiklin  County,  86  per  cent;  Saline  County,  7  per  cent;  Montgomery 
County,  7  per  cent. 

Figure  1  shows  the  total  production  of  coal,  the  amount  of  black 
blasting  powder  used  during  the  period  1907-1915,  and  the  gradual 
increase  in  the  amount  of  prrmissible  explosives  used  in  Ulrnois 
mines.  The  figure  also  shows  that  the  tonnage  now  produced  by 
permissible  explosives  exceeds  that  of  longwall  mining.  The  data 
from  which  these  cux-ves  were  plotted,  given  in  the  table  following, 

■Compated  firom  thirty-fourth  simtisl  ooal  report  of  IlUnois,  State  Mining  Board,  1915  (p.  69),  which 
ibovB  that  97  mines  used  machhieB  exclusively,  and  34  in  part,  a  total  of  1,080  machines  being  uBed  in 
prodoefng  84,087,430  toiDS  of  ooal. 

k  Thirty-third  ammal  ooal  report  of  Illinois,  State  Mining  Board,  1914,  p.  3. 

ft  Thirty-loartli  ammal  ooal  report  of  Illinois,  State  Mining  Board,  1915,  p.  3. 
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18  to  30  inches  above  the  floor;  this  band  generally  consists  of  boDiO 
or  of  gray  shale. 

The  bed  is  divided  into  three  distinct  benches.  The  upper  part, 
comprising  about  one-third  of  the  thickness  of  the  bed,  is  a  brittle 
coal  occurring  often  in  layers  3  to  6  inches  thick,  separated  by  part- 
ings of  '' mother  of  coal."  The  coal  in  the  middle  part,  which  is 
separated  from  the  upper  third  of  the  bed  by  a  clean  persistent  part- 
ing of  '^  mother  of  coal/'  is  brighter  and  somewhat  firmer  and  has  less 
distinct  lamination.  ''Sulphur"  lenses  are  commonly  found  in  this 
bench.    Below  the  ''blue  band"  the  coal  is  hard  and  firm. 

The  coal  in  the  southern  part  of  the  FrankUn  County  field  is  harder 
than  the  coal  in  the  northern  part.  There  is  no  pronounced  cleat 
and,  therefore,  it  does  not  materially  affect  the  direction  of  mining, 
as  the  coal  may  break  irregularly  along  a  number  of  different  planes. 
In  certain  mines,  however,  there  is  a  slight  vertical  cleat  in  a 
northeast  and  southwest  direction,  which  permits  freer  shooting  of 
the  coal  on  a  face  parallel  with  this  direction.  Although  the  cleat 
of  the  coal  has  little  effect  on  the  direction  of  mining,  the  joints  in 
the  roof  naaterial  have;  for  frequently  when  work  is  driven  north  or 
south  the  roof  tends  to  break  so  much  as  to  increase  mining  costs 
considerably. 

The  "blue  band,"  which  is  characteristic  of  the  No.  6  coal,  largely 
determines  the  placing  of  drill  holes  in  blasting.  After  the  coal  is 
undercut  by  machines,  it  is  "snubbed";  that  is,  a  sloping  cut  extend- 
ing from  the  "blue  band"  to  about  half  the  depth  of  the  under- 
cutting is  made.  When  "snubbing"  shots  are  fired  or  where 
"snubbing"  is  done  by  hand,  this  parting  serves  as  a  guide  to  the 
height  to  which  the  coal  is  to  be  "snubbed." 

The  roof  is  commonly  of  shale,  which  is  15  to  110  feet  thick,  but 
in  some  of  the  latest  mines  east  of  Benton,  limestone  is  found  immedi- 
ately above  the  coal.  The  shale  breaks  when  exposed,  and  for  this 
reason  the  top  layers  of  coal  are  left  in  place  to  form  the  roof.  Usually 
10  to  18  inches  and  at  times  as  much  as  40  inches  is  left  up.  In  some 
instances  the  top  coal  is  recovered  after  the  rooms  are  mined  out. 
The  floor  is  day. 

Plate  I  ^  shows  the  No.  6  coal  bed  and  the  overlying  shale  exposed, 
the  top  bench  of  coal  (dark  part)  which  is  left  up  in  mining,  and  the 
two  lower  benches  separated  by  the  "blue  band,"  which  occurs 
about  2  feet  from  the  bottom.  The  structure  of  the  lower  5  feet  of 
the  No.  6  coal  bed,  including  the  blue  band,  is  shown  in  Plate  II,  A. 

In  Montgomery  County,  the  characteristic  "blue  band"  is  present. 
The  coal  is  hard  and  firm  and  averages  about  7}i  feet  thick.  The 
roof  is  shale  and  limestone.     Where  light-colored  shale  is  present 

a  Oady,  G.  H.,  Coal  rosonroes  of  District  6:  Illinois  Coal-Mining  InvestigatioDS,  State  G«ol.  Surrey  Boll. 
16, 1916,  p.  93. 
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it  foims  a  good  roof.  Where  the  roof  is  dark  shale  the  top  bench  of 
coal,  15  to  18  inches  thick,  is  left  in  place.  The  coal  is  underlain 
with  a  bed  of  clay  4  to  50  inches  thick. 

The  coal  as  mined  from  these  beds  is  uniformly  hard  and  firm 
and  withstands  shipment  well,  especially  in  the  smaller  sizes,  and  is 
well  adapted  for  domestic  or  steam  fuel. 

OCCUBBENCE  OF  QAS  IX  THE  COAL  BEDS. 

In  Franklin  County,  coal  bed  No.  6  lies  at  a  depth  ranging  from 
417  to  700  feet.*  Ihe  part  of  the  southern  lUinois  coal  field  east 
of  the  Duquoin  anticline,  including  Franklin,  Williamson,  and 
Saline  CSounties,  is  the  most  gaseous  in  Illinois.  Although  on  the 
whole  the  mines  are  not  regarded  as  being  gaseous  enough  to  require 
the  use  of  locked  safety  lamps,  yet  considerable  methane  is  given  off 
from  the  coaL  Numerous  local  faults  occur  in  both  No.  5  and  No.  6 
seams,  frequently  giving  off  local  feeders  of  gas  and  creating  the 
possibility  of  dangerous  accumulations.  Darton  ^  found  that  the 
principal  mines  in  Franklin  County  in  1912  generated  on  an  average 
about  200  cubic  feet  of  methane  per  minute  under  normal  working 
conditions.  In  the  more  gaseous  areas,  immediately  above '  the  coal 
there  is  a  considerable  thickness  of  impervious  shale,  whereas  in  the 
less  gaseous  districts  in  which  the  same  seams  are  mined,  jointed 
limesto{ie  closely  overUes  the  coal. 

The  results  of  laboratory  tests  ^  indicate  that  the  dust  from  the 
No.  6  coal  bed  is  highly  inflammable  as  compared  with  other  Illinois 
coal  dusts  and  when  raised  in  a  cloud  might  be  ignited  by  a  blown-out 
shot  of  black  blasting  powder.  Considerable  fine  rib  dust  is  nearly 
always  in  evidence  in  the  mines  in  the  No.  6  bed.  As  the  top  coal  is 
left  in  place,  and  shale  from  the  roof  does  not  fall  on  the  roadways, 
and  as  haulage  is  by  electricity,  so  that  the  bottom  clay  is  not 
ground  up  much  by  the  feet  of  men  and  animals,  the  road  dust 
consists  almost  whoUy  of  coal  dust. 

CAUSES  LEADIlSra  TO  THE  USE  OF  PEEXISSIBLE  EXPLOSIVES 

IS  ILUlfOIS. 

DBVBLOPMBNT  OF  THE  FBANSXIN  OOX7NTY  OOAIi  FIELD. 

In  the  Franklin  County  field,  where  the  use  of  permissible  explo- 
sives in  Illinois  was  begun,  mining  is  comparatively  recent.  The 
field  was  opened  at  Zeigler  in  1903.  Mines  were  developed  at  West 
Frankfort,  Benton,  Christopher,  and  other  pwnts  in  Franklin  County, 
until  at  the  present  time  this  field  ranks  as  one  of  the  important 
bitiuninous  coal  areas  in  the  United  States.  New  mines  are  being 
developed. 

a  ATerage  depth  at  sbaCt  for  mines  listed  is  541  feet,  see  Table  1,  p.  22. 

&  Darton,  N.  H.,  Oocomnoe  of  explosiye  gases  in  ooal  mines:  Bali  72,  Bureau  of  Mines,  1915,  p.  219. 

•  Clamant,  J.  K.,  SohoU,  L.  A.,  Tbe  inflammability  of  Illinois  coal  dust.    Bull.  102,  Bureau  of  Mines. 
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The  Franklin  County  mineB  in  which  permisaible  explosiYBB  are 
used  have  an  average  daily  production  of  approximately  2,800  tons. 
Six  of  these  mines  have  a  daily  capacity  of  over  4,000  tons  each. 
Of  the  total  of  57,601,694  short  tons  of  coal  produced  in  Illinois  for 
the  year  ended  June  30,  1915,  7,324,644  tons  was  produced  in  this 
coimty,  of  which  about  90  per  cent  was  shot  down  with  permissible 
explosives. 

EXPEBIENCS    IN    FRANXXIN    C017KTY    WITH    BLACK    BLASTXNO 

POWDSB. 

The  first  mines  in  Franklin  Coimty  were  opened  when  black  blast- 
ing powder  was  the  only  practical  coal-mine  explosive  xised  in  the 
United  States^.  From  the  beginning  much  trouble  was  experienced 
with  miiie  fires  caused  by  its  use.  The  gaseous  conditions  in  this 
field,  the  extremely  inflammable  nature  of  the  coal  dust,  the  methods 
of  mining,  by  which  10  to  40  inches  of  coal  left  for  roof  spalled 
onto  the  roadways  and  produced  dust,  all  combined  to  make  the 
use  of  black  blasting  powder  dangerous  and  costly  as  regards  life 
and  property. 

A  number  of  destructive  explosions  happened  in  Franklin  County 
in  1908  and  1909.  Such  occurrences  were  not  confined  to  any  par- 
ticular mine,  although  certain  mines  had  more  than  one,  but  were 
scattered  over  the  entire  field.  Furthermore,  every  mine  in  the 
district  suffered  from  frequent  fires  from  the  use  of  black  blasting 
powder,  the  coal  igniting  readily  and  there  being  some  methane 
Uberated  at  the  face.  At  some  mines  as  many  as  twenty  fires  occurred 
nightly,  following  the  fiiing  of  shots,  and  in  two  instances  40  were 
reported.  The  employment  of  fire  runners  to  follow  the  shot  firers 
and  extinguish  fires  became  necessary.  Four  to  ten  men  were 
employed  for  this  work  at  each  of  the  various  mines,  and  the  rela- 
tively small  number  of  fires  getting  beyond  control  speak  well  of  the 
efficiency  and  carefulness  of  these  men  and  of  the  officials. 

At  one  mine  in  this  district  two  destructive  coal-dust  explosions, 
primarily  caused  by  firing  shots  of  black  blasting  powder,  occurred 
in  an  interval  of  about  six  weeks,  the  first  on  November  5,  1908,  and 
the  second  on  December  12, 1908.  Immediately  after  the  first  explo- 
sion the  governor  of  the  State  ordered  that  a  thorough  examination 
of  conditions  in  this  mine  be  made  by  the  Sta  te  inspectors  of  mines  and 
the  State  mining  board.  That  the  explosion  was  initiated  by  a  shot 
and  was  accompanied  with  *much  flame  and  violence  is  pointed  out  in 
the  following  extract  from  the  report  of  this  committee.^* 

Several  tests  with  safety  lamps  were  made  on  the  roadways,  at  the  face  of  the  worldiig 
places,  and  particularly  at  the  high  points  where  falls  of  ''slate"  had  occurred,  hut 
no  evidence  of  gas  was  discovered.    After  reaching  the  face  of  the  first  northeast  entry 

a  T^ranty-eighth  annual  ooal  report  of  IlUnols,  State  Bureaa  of  Labor  Statietlcs,  1000,  p.  S7!2. 
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beginning  with  room  No.  20,  we  inroceeded  down  until  No.  8  was  reached.  Aa  we 
approached  that  point,  indicatiom  of  sedous  diflturbancee  increaaed — ^falle  of  "elate'  * 
and  coal  croahed  from  pillars,  broken  timbere,  mining  machines,  and  pit  cars  com- 
pletely destroyed.  From  the  mouth  of  room  No.  8  and  continuing  up  to  the  face 
thereof y  evidences  of  intense  heat  and  ^e  on  the  roof  and  props  were  observable.  At 
the  face  of  that  room  we  found  that  several  shots  had  been  fired  on  the  night  of  the 
explosion;  in  fact,  they  were  the  only  shots  fired  in  any  ci  the  rooms  in  that  entry 
that  evening.  It  furthermore  appeared  that  the  shots  had  been  placed  near  the  top 
of  the  coal,  and  as  the  seam  of  coal  is  much  softer  near  the  roof  much  of  It  that  was 
blown  down  was  in  a  badly  shattered  condition.  There  is  no  question  but  that  the 
direct  cause  of  the  explosion  originated  fnnn  these  shots  in  the  face  of  room  No.  9,  first 
northeast  entry;  that  the  placing  of  these  shots  so  near  the  roof  and  the  broken  con- 
dition of  the  coal  indicated  an  overcharge  of  powder.  *  *  *  In  order  to  avoid  a 
repetiti<m  of  such  disasten,  we  recommend  that  in  all  cases  where  coal  is  undercut 
with  chain  machines,  the  coal  be  snubbed  or  blocked  down  at  not  more  than  3,  or  less 
than  2,  feet  from  the  bottom  of  the  seam,  and  that  all  undercuttings  produced  by  said 
machines  be  collected  and  loaded  out  bef<M:e  any  shots  are  fired. 

An  explosion  at  shot-firing  time  also  occurred  shortly  thereafter 
at  a  mine  near  Benton  and  another  in  a  mine  near  West  Frankfort. 
Fortunately,  large  loss  of  life  was  prevented,  as  the  miners  were  out 
of  the  mine  at  the  time,  there  being  a  State  law  requiring  that  all 
men  except  shot  firers  should  be  out  of  the  mine  during  shot  firing. 

Data  as  to  the  costs  of  these  destructive  explosions  throughout  the 
field  are  not  obtainable,  but  a  heavy  expense  must  be  charged  against 
explosions  and  fixes  from  the  uise  of  black  blasting  powder.  In  one 
of  the  accidents  mentioned  above,  the  mine  was  practically  new,  and 
had  shipped  only  about  150,000  tons  of  coal,  when  an  explosion 
occurred  at  shot-firing  time,  which  kiUed  the  shot  firers  and  set  the 
mine  on  fire,  the  flames  reaching  the  top  of  the  hoisting  shaft  and 
preventing  any  recovery  operations.  Both  shafts  had  to  be  sealed. 
The  shafts  were  kept  sealed  for  120  days  and  later  the  mine  was 
flooded.'  Shipments  of  coal  were  suspended  for  a  period  of  over  a 
year  while  the  mine  was  being  restored.  The  total  loss  due  to  flood- 
ing, suspension,  and  restoring  the  mine  to  working  condition  was 
upward  of  $175,000. 

AaBEBXBNT    BETWEEN    FRANXXIN    COT7KTY    OFEBATOBS    AND 

SONEBS. 

A  feehng  of  extreme  uneasiness  existed  at  this  time,  and  operators 
and  miners  considered  means  that  might  end  such  disasters.  This 
crystallized  in  tiie  agreement  between  Franklin  County  operators  and 
miners,  which  commendably  aimed  to  improve  the  methods  of  using 
black  blasting  powder.  As  the  recommendations  contained  in  this 
agreement  were  a  step  forward  and  illuminate  some  special  features 
of  preparing  the  coal  face  prdiminary  to  shooting,  they  are  given 
below.    '^  Snubbing '^  of  the  coal,  the  loading  out  of  machine  cuttings 

•  Tiranty-elsbth  AnmiftlCQal  BspDrtoCmiBQli,  State  Banaa  oC  Labor  StatisUoB,  leos,  p.  876. 
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prior  to  blastiiig,  tamping  the  shot  holes  with  day  and  not  with  coal 
dust  or  cuttings,  prescribing  that  the  drill  holes  be  not  nearer  than  12 
inches  to  the  ribs  of  the  working  place,  and  shorter  by  10  inches 
than  the  depth  of  the  undercutting  are  all  good  rules  to-day  for  use 
in  shooting  with  permissible  explosives  in  this  field.  The  agree- 
ment was  as  follows: 

AOBXEMBHT  BXLiLTZVS  TO  FBXPABATIOV  OF  FACE  FOB  BLASTZHQ  ZV  FBAHSUH 

OOUHTT  MIXEB.* 

1 .  That  the  bits  used  in  the  Franklin  County  chain-macfaine  mines  be  the  maximum 
width  of  2^  inches,  on  a  6-foot  bit,  and  the  length  not  more  than  6  feet. 

2.  That  a  miniTnnm  of  25^  and  a  maximimi  of  45^  holes  across  the  face  be  drilled 
for  the  ''buster"  shots,  and  no  more  than  two  holes  be  fired  in  all  wide  working  places 
in  one  shift,  unless  more  holes  are  required  to  furnish  coal  for  the  day's  work. 

3.  We  recommend  that  all  coal  be  ''snubbed  "  with  pick  and  wedge. 

4.  That  "snubbing  "  means  that  the  coal  must  be  snubbed  not  lower  than  the  height 
of  the  blue  band  and  back  one-half  the  depth  of  the  cutting,  and  all  coal  snubbings 
must  be  removed  from  underneath. 

5.  That  all  cuttings  from  the  electric  chain  machine  be  loaded  out  before  any  shots 
are  fired  in  the  working  places,  the  company  to  furnish  cars  promptly  for  loading  same. 

6.  That  all  drill  holes  be  tamped  witii  clay,  the  company  to  furnish  clay  when  it  is 
impossible  for  the  miner  to  obtain  the  clay  within  a  distance  of  300  feet  of  hia  workiiig 
place. 

7.  That  all  shots,  when  shot  by  shot  firers,  shall  be  inspected  before  being  tamped, 
and  a  vigilant  watch  on  all  shots  be  kept  by  the  shot  firers,  and  any  excessive  use  of 
powder  used  in  any  holes  by  the  miner  and  any  dangerous  holes  be  reported  to  the 
mine  manager,  and  said  miner  shall  be  dischaiged. 

8.  That  all  holes  be  tamped  on  a  copper  needle,  unless  holes  be  wet,  and  we  recom- 
mend that  no  shots  be  fired  with  fuse. 

9.  That  no  holes  be  drilled  imtil  after  the  working  places  are  cut,  only  in  emergency 
cases,  then  "buster"  shots  may  be  drilled,  and  all  rib  holes  must  be  drilled  bo  the 
powder  will  lay  no  closer  than  12  iifches  of  the  rib  of  the  working  place,  and  all  holes 
must  be  drilled  at  least  10  inches  less  than  the  depth  of  the  cutting,  thus  giving  the 
powder  a  chance  to  work. 

Sbpabate  Clause. 

In  case  the  "snubbing"  is  done  with  powder,  it  is  understood  that  the  snubbing 
holes  shall  not  be  more  than  2  feet  10  inches  above  the  top  of  the  cutting,  and  that 
said  snubbing  shall  extend  the  entire  width  of  the  place  and  shall  be  loaded  out  to 
within  2  feet  of  the  back  of  the  cut,  provided  the  snubbing  of  coal  by  pick  and  wedge 
can  not  be  agreed  upon  by  the  joint  boards. 

VEEB  OF  A  SirBSTITTTTE  FOE  BLACK  BLASTIVG  POWDEB. 

The  spirit  of  the  foregoing  agreement  indicates  an  earnest  desire 
on  the  part  of  the  mining  fraternity  to  cope  with  the  problems  pre- 
sented. The  results,  although  showing  an  improvement  over  previ- 
ous conditions;  were  unsatisfactory.  The  relief  was  partial.  Fires 
continued  to  occur  at  shot-firing  time,  and  the  explosion  in  the  mine 
at  Benton  when  solid  shooting  was  in  vogue  was  repeated  later  after 

•  Adopted  in  Jaonary,  19QQ. 
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miniiig  machines  were  installed.  A  violent  explosion  occurred  at 
one  mine  from  a  shot  which  was  apparently  properly  placed  with 
less  than  two  pounds  of  powder  in  undercut  coal.  It  was  seen  that 
although  black  blasting  powder  was  an  effective  agent  in  the  produc- 
tion of  coal,  yet  its  characteristic  long  hot  flame  rendered  it  unsafe 
in  these  mines,  even  when  used  by  expert  miners  under  stringent 
regulations. 

The  problem  of  mine  fires  and  explosions  has  not  been  confined 
to  Illinois.  In  all  bituminous  coal  mines,  especially  where  explo- 
siye  gas  and  dust  have  been  present,  the  need  of  a  substitute  for  black 
blasting  powder  has  been  evident.  As  early  as  1854  the  problem 
was  demanding  attention.  In  that  year  the  London  Mining  Journal 
referred  to  the  testimony  of  Mr.  George  Elliot,  a  witness  examined 
by  the  Parliamentary  Committee,<>  as  foUows: 

*'A  very  paioful  accident  happened  at  Usworth  Colliery,  of  which  I  was  owner  and 
nuLDager,  some  time  fdnce,  and  which  arose  from  fire  of  shot;  and  since  that  Mr.  Lee 
I^Lttinaon,  a  pnctical  chemist,  and  myself  have  been  endeavoring  to  ascertain  whether 
we  could  invent  some  power  to  bring  coal  down  without  an  explosive  mixture,  such 
as  gunpowder;  and  I  am  sorry  to  say  that  no  very  successful  result  has  yet  been  aiiived 
at;  but  up  to  the  present  time,  I  sfm  afraid,  notwithstanding  gunpowder  is  a  very  old 
chemical  invention,  that  very  little  progress  has  been  made  since  it  was  first  used 
and  that  we  are  in  ignorance  of  any  substitute  for  it  of  equal  power.  If  public  atten- 
tion were  called  to  it,  perhaps  science  might  discover  some  substitute.'' 

And  as  this  journal  had  previously  solicited  public  notice  as  to  the  subject,  we  again 
repeat  that  the  researches  of  chemical  and  electrical  discovery,  which  have  in  our 
times  produced  such  marvelous  results,  could  not  be  devoted  to  a  nobler  object  of 
scientific  ambition. 

Although  statistics  of  the  past  27  years  show  that  only  15.4  per 
cent  of  all  fatal  accidents  in  the  coal  mines  of  Illinois^  have  been 
caused  by  explosives  or  by  explosions  of  gas  or  coal  dust  due  to 
finng  of  shots  or  other  initiating  cause,  yet  mine  explosions  are  never- 
theless dreaded  because  of  their  far-reaching  effects.  The  conditions 
that  exist  in  coal  mines  tend  to  make  explosions  a  menace  to  the 
lives  of  everyone  in  the  mine,  and  therefore  any  factor  or  combina- 
tion of  factors  that  might  form  the  initiating  causes  should  be  care- 
fully controlled.  The  most  careful  man  in  the  mine  may  meet  his 
death  through  no  fault  of ^  his  own,  but  through  the  car^essness  or 
thoughtlessness  of  a  fellow  workman.  Miner  and  operator  are  alike 
affected  by  the  dangers  of  using  long-flame  explosives  such  as  black 
blasting  powder,  in  gaseous  and  dusty  mines. 

Experiments  during  the  past  few  years  have  conclusively  proved 
that: 

1.  The  flames  of  black  blasting  powder  and  of  dynamite  readily 
ignite  an  inflanmifkble  mixture  of  methane  and  air. 

a  Beport  of  the  Parliamentary  Conunittee  on  Acoldents  in  Mines,  London,  1854. 

»  Editorial,  Loodon  Mining  Joomal,  18fi4,  voL  24,  p.  815. 

e  Tbirty-third  aonual  ooal  report  ot  lUiziois  State  mining  board,  1914,  p.  105. 


12  USE  OF  PBBMI88IBLE  EXPLOSIVEB  IN  ILLINOIS. 

2.  An  explosion  of  coal  dust  can  be  initiated  by  a  single  blown-out 
shot  from  black  blasting  powder  at  the  face.^ 

3.  The  amount  of  coal  dust,  suspended  in  the  air,  that  may  propa- 
gate an  explosion  may  be  very  small.  Taffanel,  in  France,  obtained 
explosions  regularly  with  190-mesh  bituminous  dust  with  a  weight 
of  0.07  ounce  per  cubic  foot  of  dust  cloud.  In  experiments  in  the 
gas  and  dust  gallery  No.  1  at  the  Pittsburgh  station  of  the  Bureau 
of  MineS;  propagations  ha^e  been  obtained  with  200-mesh  dust  from 
the  Pittsburgh  coal  seam  with  as  low  a  weight  as  0.032  ounce  per 
cubic  foot  of  gallery  space.^ 

4.  As  little  as  1  to  1^  per  cent  of  methane,^  an  amount  that  may 
often  be  present  without  being  detected  with  the  safety  lamp,  will, 
as  has  been  shown  by  tests  of  the  Biu*eau  of  Mines,  greatly  increase 
the  explosibility  of  coal  dust. 

With  these  facts  available,  it  should  be  apparent  that  the  use  of 
black  blasting  powder  and  dynamite  will  always  be  an  element  of 
danger  where  gas  and  coal  dust  are  present.  The  concussions  from 
the  shots  in  the  various  parts  of  the  mine  cause  the  supposedly 
harmless  road  and  rib  dust  to  become  suspended  in  the  air,  and  then 
a  blown-out  shot,  or  even  an  overcharged  or  undercharged  shot,  may 
initiate  an  explosion.  It  may  be  possible  to  estimate  the  number  of 
actual  explosions  that  have  occurred  in  a  particular  mining  district, 
but  there  are  no  means  of  determining  how  many  explosions  were 
prevented  only  by  the  absence  of  only  one  contributory  factor 
or  by  the  presence  of  some  hindering  influence.  Freedom  from 
explosions  in  certain  mines  in  which  black  blasting  powder  is  used, 
where  conditions  are  known  to  border  on  the  dangerous,  is  not  be- 
cause of  systems  in  vogue,  but  in  spite  of  them. 

There  is  no  absolute  guaranty  against  mine  explosions  from  black 
blasting  powder  happening  even  in  nongaseous  mines.  In  addition 
to  data  obtained  from  tests  at  the  experimental  mine  of  the  bureau 
there  is  other  proof.  For  example,  an  explosion  occurred  at  shot- 
firing  time  in  a  mine  in  the  Springfield  district,  111.,  in  March, 
1915,  which  killed  two  shot  fh-ers,  although  no  previous  trouble  had 

been  experienced  in  17  years  of  operation.     Analyses  of  return  air 

.^—  II  ■  .  I  ■  ■  ■  "1 

o  The  standard  method  of  initiating  an  explosion  at  the  Bureau  of  Mines  experlmantal  mine  near  Pitts- 
burgh, Pa.,  is  by  firing  from  a  cannon  a  charge  of  4  pounds  of  FFF  black  powder  stemmed  with  dry  clay 
producing  a  blown-out  shot,  in  the  presence  of  finely  groimd  coal  dust  distributed  in  quantities  of  2  pounds 
per  linear  foot.  This  quantity  (4  pounds)  of  black  powder  is  used  to  insure  strong  initial  exjrfosiim  of  the 
ooal  dust,  but  in  some  experiments  only  2  pounds  has  been  used,  placed  in  a  drill  hole  in  the  face  in  solid 
coal,  the  ^ngle  shot  causing  a  violent  dust  explosion.  Coal-dust  explosions  have  been  caused  by  black 
powder  shots  when  the  loading  of  coal  dust  was  only  0.3  pound  per  linear  foot  of  entry,  which  is  equivalent 
to  only  0.083  ounce  per  cubic  foot  of  space.  This  test  was  made  with  finely  ground  coal  dust.  Coal  dust 
that  is  all  fine  impalpable  dust  Is  most  highly  explosive  and  behaves  much  like  an  inflammable  gas  when 
raised  in  a  cloud  in  the  air  and  ignited.  See  Rice,  G.  8.,  and  others.  First  series  of  coal-dust  explosion 
tests  in  the  experimental  mine.  Bull.  56,  Bureau  of  Mines,  1913, 113  pp. 

i>  Rioe,  Q.  S.,  Explosibility  of  coal  dust,  Bull.  20,  Bureau  of  Mines,  1911,  pp.  101-102. 

e  Rico,  0.  S.,  and  Jones,  L.  M.,  Methods  of  preventing  and  HmHing  explosions  in  ooal  mines:  Tech. 
Paper  84,  Bureau  of  Mines,  1915»  p.  7. 
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at  this  mine  show  that  methane  is  not  present  in  ap|»^eciable  per- 
centages. A  coal-dust  explosion  happened  at  a  mine  in  the  Peoria 
district,  in  Febniary,  1915,  during  the  firing  of  shots  of  black  blasting 
powder  by  the  night  shift.  Two  entrymen  who  had  lighted  the 
shots  and  were  on  their  way  out  of  the  mine  were  killed. 

DEVELOPKEST    OF    SHOBT-FLAKE    OB  "PEBXISSIBIE"   EX- 
PLOSIVES. 

The  first  steps  in  the  manufacture  of  permissible  expk)8iyes 
date  baek  about  30  yeais.  As  stated  by  Rioe,^  reaeardi  was  begun 
in  G^many  in  1885  for  the  development  of  explosives  "Which  would 
not  ignite  fire  damp  and  coal  dust  under  ordinary  conditions/'  and 
in  the  coal-mining  countries  of  Europe,  including  England  ^  France^ 
G^many,  Belgium,  and  Austria,  it  is  now  required  that  only  such 
explosives  shall  be  used  in  coal  mines  as  have  passed  certain  tests 
or  have  met  certain  requirements. 

So-called  ''safety''  blasting  powders  were  introduced  into  the 
bituminous  coal  fields  of  Pennsylvania  and  West  Virginia  in  1902, 
but  it  was  not  until  1908,  soon  after  the  establishment  of  the  Pitts-i 
buigh  testing  station  of  the  Bureau  of  Mines  where  testing  of  explo- 
sives ^  for  use  in  gaseous  and  dusty  mines  was  begun,  that  an  impetus 
was  given  to  the  manufacture  and  use  of  such  explosives  in  the  United 
States.  Since  that  time  constant  effort  has  been  made  by  manufac- 
tuieis  to  improve  the  quaUties  of  their  products,  with  the  result  that 
many  of  the  early  brands  have  been  withdrawn  from  the  market  and 
their  places  taken  by  better  ones.  The  February,  1917,  list  of  explo- 
sives contains  the  brand  names  of  153  '^ permissible"  explosives.^ 

WHAT  IS  A  PBBMISSIBLB  BZPLOSIVB  P 

It  should  be  noted  that  an  explosive  is  called  a  "permissible 
explosive  "  when  it  is  similar  in  all  respects  to  the  sample  that  passed 
certain  tests'  by  the  Bureau  of  Mines,  and  when  it  is  used  under 
the  following  conditions : 

1.  That  the  explosive  is  in  all  respects  similar  to  the  sample  sub« 
mitted  by  the  manufacturers  for  the  test. 

2.  That  detonators — ^pref  erably  electric  detonators — are  used  of  not 
leas  efficiency  than  those  prescribed,  namely,  those  consisting  by 
weight  of  90  parts  of  mercury  fulminate  and  10  parts  of  potassiimi 
chlorate  (or  their  equivalents). 

« 1Ue»,  Oearg»  8.,  The  •xpkdWUty  of  ooal  dost:  Bull.  90,  Bnreta  of  Mtnas,  ini,  pp.  83^. 

>  Systemtte  t«8ts  of  pormiasihloucpkMlTM  began  eerly  In  1909  at  the  experiment  ststton  at  Fittsborgth. 
Tte  jbft  list  of  expledinBs  pMStag  the  testa  was  publtthed  by  the  bonan  May  15, 1909. 

e  fay,  A.  H.,  Coal-nilne  fatalities  to  the  United  States  daring  Febraary,  1917,  and  list  of  permiasible 
expkflhea,  lamps,  and  motors  tested  prior  to  ICarch  31, 1917, 24  pp. 

<  ror  details  of  oharaeter  of  testa  see  pp.  101,103  of  this  report,  and  Behednle  1,  Feat  lor  terting  explo- 
ifm  aai  eanditioas  and  reqolraiaants  under  which  ezploslTes  are  tested,  Bnieaa  of  Mines,  1013»  8  pp. 
For  a  dettfsd  descrlpCioB  of  the  ttttfaods  lued  see  HaU,  Clannee,  and  HowibU,  6.  P.,  Testsof  pefBdsaihle 
•xpliMlvss,  BnlL  66,  ma,  816  pp.;  Stann,  C.  G.,  The  asHlyila  of  penaisslble  ezploahnts,  BiUl.  96, 1616, 
«pp. 
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3.  That  the  explosive,  if  froasen,  shall  be  thoroughly  thawed  in  safe 
and  suitable  maimer  before  use. 

4.  That  the  quantity  used  for  a  shot  does  not  exceed  1^  pounds 
(680  grams),  and  that  it  is  properly  iamped  with  clay  or  other  non- 
combustible  stemming. 

The  general  subject  of  permissible  explosives  has  been  treated  in 
various  publications  *»  of  the  Bureau  of  Mines. 

Further  explanation  from  the  chemist's  point  of  view  as  to  what 
constitutes  a  permissible  explosive  is  given  in  the  following  state- 
ment by  C.  6.  Storm,^  former  explosives  chemist  of  the  Bureau  of 
Mines: 

Permissible  explosives  are  blasting  explosives  that,  having  passed  certain  tests 
prescribed  by  the  Bureau  of  Mines,  ar^  considered  suitable  for  use  in  gaseous  or  dusty- 
coal  mines  when  used  in  the  manner  prescribed  by  the  bureau.  The  chief  charac- 
teiistics  that  an  explosive  must  possess  in  order  to  pass  the  tests  are:  (1)  Relatively 
low  flame  temperature  on  explosion,  (2)  a  minimum  amount  of  explosion  flame. 
Mixtures  of  natural  gas  and  air  are  exploded  when  exposed  to  a  temperature  of  about 
650^  G.  for  about  one-tenth  of  a  second,  but  are  not  acted  upon  by  flame  of  much 
higher  temperature  if  the  flame  is  of  sufficiently  short  duration.  Thus,  although  the 
flame  temperature  of  most  permissible  explosives  lies  between  1,500*^  and  2,000^  C, 
they  do  not  ignite  the  most  explosive  mixtures  of  gas  and  air  because  of  the  rapidity 
of  Uieir  explosion,  the  duration  of  their  flame  being  only  about  two  to  Ave  ten-thou- 
sandths of  a  second.  Black  blasting  powder,  on  the  other  hand,  has  a  flame  tempera- 
ture of  over  2,200^  C,  and  a  duration  of  flame,  under  the  same  conditions  of  test,  of 
approximately  one  second.  Ordinary  40  per  cent  nitroglycerin  dynamite  gives  a 
flame  duration  of  only  about  four  ten-thousandths  of  a  second,  but  its  flame  tempera- 
ture is  about  2,900^  0.  Both  black  blasting  powder  and  dynamite,  then,  fail  to  pass 
the  tests  for  permissibility,  black  blasting  powder  because  of  the  long  duration  of  its 
flame  and  dynamite  because  of  the  high  temperature  of  its  flame. 

The  problem  in  producing  permissible  explosives  is  therefore  to  formulate  explo- 
sive mixtures  that,  while  giving  a  tninitnufn  amount  of  flame  of  short  duration  and 
low  temperature,  will  develop  sufficient  energy  to  do  the  work  of  breaking  down  coal 
in  an  economical  manner.    An  example  is  dted  below: 

By  proper  additions  of  various  ingredients,  ordinary  dynamite  can  be  so  altered  in 
composition  that  its  flame  temperature  will  be  reduced  sufficiently  to  render  the  re- 
sulting explosive  ' '  permissible . ''  If,  for  example,  a  laige  excess  of  carbonaceous  com- 
bustible material,  such  as  wood  pulp,  flour,  or  com  meal,  is  added,  the  gaseous  products 
of  explosion  are  so  altered  that  the  flame  temperature  is  greatly  reduced.  The  same 
effect  is  obtained  by  the  addition  of  water,  either  in  the  liquid  state,  in  which  fonn  it 
is  absorbed  by  the  other  ingredients  of  the  explosive^  or  in  the  form  of  water  of  crystal- 
lization in  such  crystalline  salts  as  alum,  or  magnesium  sulphate,  both  of  which  con- 

a  Ratledge,  T.  J.,  and  Hall,  Clarence,  The  use  of  permissible  explosives,  Bull.  10, 1912, 34  pp.  Hall, 
Clarenoe,  Snelling,  W.  O.,  and  Howell,  S.  P.,  Investigations  of  explosives  used  in  ooal  mines,  1911, 197 
pp.  Munroe,  C.  £.,  and  Hall,  Clarenoe,  A  pximer  on  explosives  for  ooal  miners,  BulL  17, 1911, 61  pp.  Hall, 
Clarenoe,  and  Howell,  S.  P.,  Tests  of  permissible  explosives.  Bull.  66, 1913, 313  pp.  Munroe,  C.  B.,  and 
Hall,  Clarenoe,  A  primer  on  explosives  for  metal  miners  and  quarrymen,  BulL  89, 1915, 125  pp.  Storm, 
C.  O.,  Tests  of  permissible  explosives,  BulL  96, 1916, 88  pp.  Watteyne,  Victor,  MeJssner,  Carl,  and  Des- 
boniu^,  Arthur,  The  prevention  of  mine  explosions.  Tech.  Paper  21,  p.  7.  Faj,  A.  H.,  Productlao 
of  explosives  in  the  United  States  during  the  calendar  year  1912,  Teoh.  Paper  69, 1914, 8  pp.  Fay,  A.  H., 
Prodnctlon  of  explosives  in  the  United  States  during  the  calendar  year  1913,  TedL  Paper  86, 1914, 15  pp. 
Howell,  8.  P.,  Permissible  explosives  tested  prior  to  Mar.  1,  1915,  16  pp.  Fay,  A.  H.,  Production  of 
explarives  in  the  United  States  during  the  calendar  year  1914,  with  notes  on  ooal-mine  accidents  doe  to 
explosions,  1915, 16  pp.    Fay,  A.  H.,  Monthly  statement  of  ooal-mine  fatalities  in  the  United  States. 

»  Storm,  O.  Q^  In  i*fmm""*i***1ir"  to  the  Borsaa  of  Mines,  loly,  1914. 
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tain  about  50  per  cent  of  water  of  cryBtftlluatioii.  Similarly,  the  addition  of  inert  solid 
matter,  sach  ua  day  or  powdered  rock,  which  aimply  absorbs  part  of  the  heat  liberated 
by  the  explosiye  reaction,  or  of  readily  volatile  inert  matetials  such  as  certain  ammo- 
nium salts,  which  consume  heat  in  being  volatiliaed,  wiU  also  produce  the  character- 
istics of  permiseible  explosives. 

Although  such  additions  naturally  lower  the  strength  of  the  explosive,  it  ib  possible 
to  obtain  the  desired  end  and  still  produce  explosives  entirely  suitable  for  use  in  coal 
mining,  as  is  evidenced  by  the  fact  that  there  are  at  present  (July,  1914)  about  125 
explosives  on  the  "permiaaible  list. " 

Careful  chemical  analyses  are  made  of  every  explosive  received  for  test,  in  order  to 
determine  whether  the  explosive  poaaesses  any  objectionable  chemical  features. 
Field  samples,  collected  from  time  to  time,  are  also  analyzed  in  order  to  ascertain 
whether  the  different  permissible  explosives  are  being  manufactured  in  accordance 
with  the  composition  of  the  original  sample  submitted  for  test. 

The  difficulties  encountered  by  the  chemist  in  analyzing  such  explosives  may  be 
realized  when  it  is  known  that  the  manufacturers  use  a  great  variety  of  ingredienti  in 
bnnging  about  the  desired  results.  About  60  to  70  ingredients  have  been  found  in  the 
various  permissible  explosives  analyzed  in  the  bureau  laboratory. 

This  short  duration  of  flame  may  be  more  clearly  expressed  to  the 
man  at  the  working  face  by  two  simple  illustrations : 

The  finger  of  one's  hand  after  moistening  may  be  touched  against 
a  red  hot  stove  or  iron  without  any  sensible  effects,  if  the  removal 
action  is  sufficiently  quick.  The  flame  of  a  burning  match  may  be 
rapidly  passed  over  a  grain  of  powder  or  a  match  head  without  caus- 
ing ignition.  In  either  instance,  the  flame  temperature  is  sufficient 
to  cause  burning  or  ignition,  but  the  time  of  contact  is  so  short  that 
no  effect  is  produced. 

CI«A8SBS  OF  PBBMISSIBLB  EZPL08ZVBS. 

The  four  general  classes  of  permissible  explosives  ^  and  the  charac- 
teristic materials  of  composition  are  as  follows: 

Chutes  of  permissible  explosives  and  dtaracteristic  material. 

Class.  Charaotcrlstle  material. 

Glass  1.  Ammonium  nitrate  explosives.  .Ammonium  nitrate. 
Class  2.  Hydrated  explosives Nitroglycerin  with  salts  contain- 
ing water  of  crystallization . 
Class  3.  Oiganic  nitrate  explosives Organic  nitrates  other  than  nitro- 
glycerin, 
daas  4.  Nitroglycerin  explosives Nitroglycerin. 

Of  these  four  types,  nitroglycerin  'explosives  are  most  commonly 
used  in  Illinois  mines.  Nitroglycerin  explosives  contain  free  water 
or  an  excess  of  carbonaceous  combustible  material,  which  is  added  to 
reduce  the  flame  temperature.  A  few  explosives  of  this  class  con- 
tain salts  that  reduce  the  strength  and  shattering  effect  of  the  explo- 
sives on  detonation.  Nitroglycerin  explosives  have  the  advantages 
of  detonating  easily  and  of  not  being  readily  affected  by  moisture. 

•  Far  dfltsUed  deacriptloo  ol  cImsm  of  penolaslble  explosives,  see  Howell,  B.  P.,  Permissible  exxdosives 
terted  prior  to  March  1, 1915:  Teoh.  PaperUX),  Bureaa  ol  Mines,  101ft,  16  pp. 
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&ATB  OF  DBTOH ATXOK. 

The  rate  of  detonation  may  be  defined  as  the  rate  of  explosion,  or 
the  rate  at  which  detonation  travels  through  a  given  length  of  explo- 
sive. When  an  explosive,  which  may  consist  of  a  solid  or  liquid  sub- 
stance, or  a  mixture  of  substances,  is  acted  upon  by  a  blow  or  by  an 
initiatiog  compound,  such  as  mercury  fuhninate,  more  stable  sub- 
stances, largely  or  entirely  gaseous,  are  formed  almost  instantaneously. 
This  conversion  process  is  called  detonation,  and  the  rate  of  detona- 
tion is  the  rate  at  which  the  conversion  takes  place  through  a  given 
length  of  explosive.  Detonation  is  more  rapid  than  the  transmission 
of  flame  from  particle  to  particle,  as  is  the  case  with  black  blasting 
powder. 

The  rate  of  detonation  is  important  in  relation  to  the  use  of  permis- 
sible explosives  in  coal  mining.  It  is  thought  that  explosives  having 
an  intermediate  rate  of  detonation  are  best  suited  for  shooting  average 
bitiuninous  coals  when  imdercut.    Hall  and  Howell  *»  state  that — 

The  rate  of  detonation  Lb  the  governing  factor  in  judging  the  efficiency  of  an  ezplofiive, 
and  it  offers  the  best  single  means  for  selecting  explosives  suitable  to  meet  the  varying 
conditions  of  coal  mining. 

To  meet  the  varying  conditions  of  coal  mining  in  this  country,  the  explosive  manu- 
facturers have  devised  explosives  with  rates  of  detonation  that  range  from  4,750  to 
14,560  feet  per  second. 

0EABA0TBBI8TI0  ACTIOK  OF  BXPL08IVB8. 

There  is  a  marked  diJSerence  in  the  characteristic  action  of  black 
blasting  powder  and  that  of  permissible  explosives  and  other  detonat- 
ing explosives.  An  understanding  of  this  difference  is  of  assistance 
in  the  proper  use  of  permissible  explosives. 

When  laid  on  top  of  a  rock  and  exploded,  black  blasting  powder  does 
not  materially  affect  the  rock,  because  it  explodes  so  slowly  that  the 
gases  formed  can  lift  the  air  above  them  and  escape;  whereas  dynamite^ 
if  laid  on  brittle  or  soft  rock  and  detonated,  may  shatter  it,  because 
the  dynamite  explodes  so  quickly  that  the  great  volmne  of  gases 
formed  can  not  lift  at  once  the  air  confining  it  and  must  exert  pres- 
sure on  the  rock.  This  action  has  given  the  erroneous  impression  that 
dynamite  and  likewise  permissible  explosives  act  downward,  rather 
than  upward  and  outward.  Experiments  show  that  the  force  exerted 
by  an  explosive  is  equal  in  aU  directions.^ 

On  account  of  the  relatively  quick  action  of  permissible  explosives, 
it  has  ako  been  supposed  liiat  no  stemming,  or  very  UtUe  stemming, 
is  necessary  when  they  are  used  for  shooting  down  coal.    Actual  tests 

have  proved  that  the  use  of  efficient  stemming  may  increase  the  useful 

1^-^—       ■  ■    — ^■^>^^— ^—      I        -    -        I.    ■         I  II  ^^— ^^—^ 

a  Hall,  Glareooe,  and  Howell,  S.  P.,  Tests  of  permissible  exploslvee:  Boll.  06,  Bxtn&a.  of  Iflxiee,  1913, 
p.  20. 

h  Mnxiroe,  C.  E.,  and  Hall,  Claittioe,  A  primer  on  ezploaivee  for  metal  minen  and  QnaRymeo:  BoB.  80^ 
Bareaa  of  Minee,  1915,  p.  14. 


mSVBLOPMENT  OF  PBBMIS8IBLE  EXPLOSIVES.  17 

eneigy  of  a  shot  60  to  93  per  cent.^  Some  miners  have  claimed  that 
merely  plugging  the  mouth  of  the  drill  hole  with  a  lump  of  day  is  a 
desirable  method.  Such  practices  should  not  be  permitted.  Properly 
confining  an  explosive  is  the  cheapest  and  best  way  of  using  it  so  as 
to  obtain  the  most  efficient  results. 

The  rate  of  burning  of  black  blasting  powder,  size  FF,  when  con- 
fined is  approximately  1,540  feet  per  second.^  The  larger  sizes  as 
tised  in  Illinois  mines,  principallv  F  and  C,  have  a  still  slower  rate  of 
burning,  whereas  the  ordinary  grades  of  permissible  explosives 
detonate  at  a  rate  of  about  7,500  feet  per  second  when  unconfined 
and  at  a  higher  rate  when  confined.  Although  a  charge  of  black 
blasting  powder  in  a  drill  hole  may  start  to  bum  at  a  uniform  rate 
when  ignited,  the  rate  of  burning  as  the  coal  breaks  and  cracks  form 
and  the  stemming  is  blown  or  shoved  back  may  decrease  before  the 
chaise  is  completely  burned,  as  the  powder  tends  to  bum  slower 
when  the  pressure  is  released.  When  a  drill  hole  contains  more 
black  blasting  powder  than  is  necessary  to  break  the  coal  free,  the 
coal  falls  before  all  the  powder  has  burned  and  the  burning  powder 
may  ignite  any  gas  Uberated  or  any  dust  raised  by  the  shot. 

The  same  situation  would  arise  if  a  hole  was  drilled  to  within  a 
few  inches  of  the  face  of  another  room  or  working,  as  in  '^  holing 
through"  a  crosscut,  or  in  slabbing  pillar  coal;  the  coal  beyond  the 
hole  would  offer  little  or  no  resistance  to  the  blast.  Often  a  poorly 
tamped  hole  results  in  a  blown-out  shot,  and  the  flame  of  the  burning 
powder  may  extend  several  feet  from  the  mouth  of  the  drill  hole, 
and  if  inflammable  dust  or  a  small  percentage  of  inflammable  gas  is 
present  may  initiate  an  explosion.  Even  when  the  shot  appears  to 
be  correctly  charged,  its  effect  may  be  that  of  an  overcharge  in  the 
presence  of  a  slip,  a  fault,  partings,  or  soft  streaks  in  the  coal,  or  of 
an  undercharge  in  the  presence  of  thick  "siilphur"  bands,  with  the 
result  that  the  shot  "throws"  flame. 

One  of  the  fundamental  distinctions  between  black  blasting  powder 
and  permissible  explosives  is  that  black  blasting  powder  by  reason 
of  its  comparatively  slow  rate  of  burning  exerts  a  wedging  or  heaving 
action,  and  as  pointed  out,  any  excess  energy  over  that  required  to 
break  down  the  coal  may  be  expended  on  the  air,  possibly  giving 
rise  to  a  "windy"  and  therefore  dangerous  shot;  whereas  with  a 
permissible  explosive  the  action  is  more  instantaneous  and  any 
excess  energy  of  the  explosive  is  expended  on  the  coal  with  some 
shattering  effect,  but  with  the  danger  of  a  blown-out  shot  reduced  to 

a  gaeDJiig,  Walter  O.,  Hall,  Claranoe,  The  effect  of  stemmliig  on  the  effidmcy  of  ezploslTes:  T.  P.  17« 
Baran  of  Mines,  1913,  p.  18. 

^Hall,  Clerenoe,  SneUfaig,  W.  D.,  and  Howell,  S.  P.,  Investigations  of  explosives  used  in  coial  mines 
vftha  ohapter  on  the  natoral  gas  used  at  i'ittslnizgh,  by  G.  A.  BorrelT,  and  an  introduction  by  G.  E.  Mmh 
zoc  Bon.  15,  Bnreaa  of  Mines,  1911,  p.  174. 
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a  minimum  if  the  chaj^  limit  has  not  been  exceeded.  Because  of 
the  quick  action  of  permissible  explosives  the  amount  used  should  be 
judged  closely.  The  effect  of  the  sudden  release  of  pressure  from 
the  discharge  of  a  permissible  explosive  is  often  observed  on  the 
stemming  of  a  well-tamped  shot.  The  clay  plug  will  be  compressed 
and  hardened  for  several  inches  at  the  end  that  was  nearest  the 
explosive,  but  the  rest  of  the  plug  will  not  be  affected. 

However,  the  shattering  effect  of  a  permissible  explosive  in  a 
well-directed  and  properly  charged  hole  is  confined  to  the  coal  in  the 
inmiediate  vicinity  of  the  bore  hole,  and  where  the  coal  is  undercut 
the  amount  of  lump  coal  obtained  is  equal  to  that  obtained  with 
black  blasting  powder. 

OBOWTE   IS    THE    ITSB    OF    PERHISSIBLB    BXPLOSITBS    IB 

ILUBOIS  mVES. 

The  use  of  permissible  explosives  in  Illinois,  although  covering 
only  a  comparatively  recent  time  and  restricted  areas,  nevertheless 
forms  an  interesting  part  of  the  coal-mining  history  of  the  State. 
Practically  all  early  mining  with  explosives  was  done  with  black 
blasting  powder;  therefore  miners  were  accustomed  to  its  use,  and 
even  though  acquainted  with  its  dangers  in  a  general  way,  they 
accepted  these  as  a  necessary  hazard  of  the  industry.  After  the 
explosions  recorded  in  1908,  rehef  was  sought.  About  this  time,  the 
Federal  Government  had  through  experiments  brought  to  the  atten- 
tion of  the  mining  pubHc  the  fact  not  generally  acknowledged  that  a 
blown-out  shot  of  black  blasting* powder  could  cause  a  violent 
explosion  with  certain  coal  dusts  without  the  presence  of  inflammable 
gas,  and  had  advanced  the  possibiHties  of  increased  safety  through 
the  use  of  permissible  explosives.  Illinois  coal  operators  began  to 
investigate  the  merits  of  these  short-flame  explosives. 

Perhaps  the  first  tests  in  the  State  of  permissible  explosives  were 
made  at  Dering  No.  18  mine.  West  Frankfort,  in  1909.  The  results 
were  favorable.  Shortly  thereafter  tests  were  made  in  various 
mines  to  determine  the  success  or  failure  of  permissible  explosives 
under  existing  conditions. 

At  the  United  Coal  Co.'s  No.  1  mine,  near  Christopher,  trial  shots 
were  made,  and  it  was  at  this  mine  that  later  the  tests  for  determining 
the  prices  at  which  permissible  explosives  should  be  suppUed  to  the 
miners,  under  the  working  agreement  between  the  operators  and  the 
miners,  were  conducted.  At  the  first  test  five  shots  were  arranged  by 
the  explosives  manufacturer's  representative,  and  it  was  then  decided 
that  the  shots  be  fired  by  the  shot  firers  in  the  usual  manner.  The 
officials  of  the  coal  company  were  present  and  waited  to  go  below  to 
observe  the  results.    After  the  shots  were  fired,  a  telephone  message 
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came  from  below  to  the  effect  that  the  shots  had  not  worked.  This, 
of  course,  was  disappointing,  and  the  officials  returned  to  head- 
quarters thinlring  the  results  a  failure.  When  the  coal  was  loaded 
out  the  following  day  it  was  seen,  however,  that  four  of  the  five 
shot-s  had  done  good  work,  and  that  the  shot  firers  had  arrived  at 
their  conclusions,  not  by  a  careful  examination,  but  more  from  the 
detonations  of  the  blasts,  the  report  being  somewhat  sharper  than 
the  well-known  resounding  '  'boom ' '  of  black  blasting  powder.  More 
tests  were  made  with  favorable  results,  and  in  a  short  time  about 
75  per  cent  of  the  miners  in  this  mine  were  using  permissible  ex- 
plosives, although  some  of  the  miners  were  still  opposed  to  their  use. 
Fortunately  there  were  a  number  of  miners  who  had  used  similar  ex- 
plosives in  England,  Wales,^  and  Belgium,  and  these  were  in  a  re- 
ceptive mood,  but  to  the  majority  of  miners  the  use  of  these  explosives 
was  new. 

Tests  were  also  made  at  the  Hart-Williams  No.  1,  Benton  No.  1,' 
Zeigler  District  No.  1,  Christopher,  Rend,  Sesser,  Zeigler,  Dering 
No.  11,  and  Hanaford  mines,  and  the  use  of  permissible  explosives 
was  slowly  introduced  in  these  mines.  In  a  number  of  mines  the 
miners  were  given  their  choice  of  using  either  a  permissible  explosive 
or  black  blasting  powder.  In  two  mines  this  resulted  in  discontinuing 
the  use  of  black  blasting  powder  through  popular  choice.  In  another 
mhxe,  where  for  a  year  permissible  explosives  were  used  in  entries 
and  black  blasting  powder  in  rooms,  fires  continued  to  occur  regu- 
larly in  rooms,  but  none  in  entries,  and  finally  permissible  explosives 
came  to  be  used  entirely.  It  was  found  that  where  the  coal  was 
properly  undercut  and  ^^ snubbed''  the  use  of  permissible  explosives 
gave  as  good  results  as  black  blasting  powder  and  little,  if  any,  in- 
crease in  the  production  of  slack  coal. 

In  1910  two  new  mines  were  opened,  the  United  Coal  Co.  No.  2 
mine  at  Buckner  and  Old  Ben  No.  8  mine  at  West  Frankfort.  These 
mines,  each  with  a  daily  capacity  of  4,000  tons,  have  used  only  per- 
missible explosives  from  the  beginning. 

By  1911  several  mines  were  using  permissible  explosives  exclu- 
sively. The  West  mine  at  West  Frankfort,  opened  in  1912,  began 
their  use  in  1 9 1 3 .  Since  1 9 1 3  all  the  mines  opened  in  this  district  have 
used  permissible  explosives,  including  Old  Ben  No.  9,  Christopher 
No.  2,  and  the  Orient  mine.  Old  Ben  No.  9  mine  was  developed  en- 
tirely with  permissible  explosives,  producing  more  than  2,000  tons 
daily  within  11  months  from  the  time  the  coal  was  reached. 

The  Shoal  Creek  Coal  Co.,  at  its  Panama  mine,  having  had  much 
trouble  from  local  explosions  and  fires  from  use  of  black  blasting 
powder,  made  a  change  to  permissible  explosives  in  the  spring  of  1913, 

•  In  Qtmt  Britain  tbose  ezplOBlTes  which  pass  the  required  tests  are  called  "permitted  explosives." 
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a  special  test  being  conducted  by  a  local  powder  commission.^  In 
Julyi  1914,  the  Saline  County  Coal  Co.  made  a  change  from  black 
powder  without  shot  firers  to  permissible  explosives  with  shot  firers 
at  the  Saline  No.  3  mine,  Harrisbuig.  The  joint  State  powder  com- 
mission ^  issued  the  following  statement,  June  5,  1914,  in  settlement 
of  the  powder  question  at  this  mine:^ 

We,  the  joint  State  powder  commiaaion,  who  were  called  to  review  a  local  test  held 
by  the  local  powder  commiamon  at  Saline  County  Coal  Go.'s  mine  No.  3,  find  that  the 
teat  was  carried  out  as  per  contract.  We,  therefore,  jointly  recommend  that  when 
''permissible  explosive "  is  installed  in  this  mine  in  order  to  insure  greater  safety  of 
the  miners  and  to  protect  the  company  from  mine  fires  the  brand  agreed  upon  by 
the  local  powder  commission  shall  be  the  brand  of  permissible  explosive  used  during 
the  life  of  this  contract,  unless  otherwise  mutually  agreed  upon.  Detonators  will  be 
delivered  at  the  shaft  bottom  and  permissible  explosive  be  delivered  as  per  State 
contract. 

In  January,  1916,  the  New  mine  of  the  Middle  Fork  Mining  Co.  was 
first  operated  on  a  commercial  basis;  permissible  explosives  are 
bemg  used  exclusively. 

The  Eldorado  Coal  &  Mining  Co.  began  to  use  permissible  ex- 
plosives in  April,  1916,  at  the  Seagraves  mine,  Eldorado,  after  a 
month's  test.  During  a  period  of  14  months  5,372  fires  were  reported 
at  this  mine  from  black  blasting  powder,  and  the  introduction  of  per- 
missible explosives  fills  a  long-felt  need. 

The  results  of  the  use  of  permissible  explosives  have  been  most 
favorable  in  these  various  mines.  Data  as  to  costs  of  explosive  per 
ton,  sizes  of  coal  produced,  and  the  advantages  of  pemussible  ex- 
plosives are  discussed  later  in  tlus  report. 

DATA  OV  HDTES  VSISOt  PESMISSIBLE  EXPLOSIVES. 

Figure  2  shows  the  location  of  Illinois  mines  in  which  permis- 
sible explosives  are  now  being  used.  Table  1  lists  the  comp&aies 
using  permissible  explosives,  gives  data  as  to  the  location  of  mines, 
date  of  opening  of  mine,  date  of  starting  to  use  permissible  explo- 
sive, material  of  construction  of  surface  magazine,  approximate 
average  daily  tonnage,  depth  of  coal  from  surface,  average  thick- 
ness of  coal,  total  nimiber  of  employees,  nimiber  of  underground 
workers,  total  nimiber  of  loaders,  nimiber  of  machine  men,  number 
and  type  of  machines,  depth  of  undercutting,  number  of  shots  per 
shift,  number  of  shot  firers,  total  daily  wages  of  shot  fij^rs,  size  of 
cartridge  used,  method  of  firing,  and  average  tonnage  produced  per 
25-pound  box  of  permissible  explosive. 

a  A  Joint  State  powder  commissian  is  provided  for  In  the  agreement  between  the  Illinois  ooal  operators 
and  the  miners  for  the  settlement  of  any  differences  that  can  not  be  settled  locally  when  a  change  of  {Mwder 
Is  to  be  made.  The  work  of  this  commission  Includes  settlement  of  disagreements  relating  to  both  black 
blasting  powder  and  permissible  explosives.  Powder  questions  are  first  taken  up  locally  by  a  local  com- 
mittee iR-ovlded  for  under  the  same  agreement  and  consisting  of  six  representatlTes;  three  for  the  miners 
and  three  for  the  operators.  If  any  disagreement  can  not  be  settled  locally,  it  then  goes  before  the  Joint 
powder  commissian  for  final  decision.  See  pages  96^97  for  the  duties  of  this  coimmiaalcn,  agreeoient 
relative  to  settlement  of  powder  questicns,  and  procedure  in  maUng  powder  tests. 

h  Quarterly  Bulletin,  The  Illinois  Coal  Operators  Association,  vol.  6, 1914,  p.  113. 
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.Table  1. — Compame9  tui/ng  permiBsibU  expUmvea  exdusivdy 
[Coal  No.  6  mlxifid  in  Franklin  and  Montgomflry  Counties,  coal  No.  5  In  Saline  County.] 


Operator,  mine,  and  nearest  town. 


Fmnklhi  OmtUtf. 


Co.,b  No.   1 


United  Coal  Mining  Co.,  No. 

mine,  Christopher. 
Hart- Williams  Coal 

mine,  Benton. 
Benton  Coal  Co.,&  No.  1  mine, 

Benton. 
Producers  Coal  Co.,  No.  18  mine 

(formerly  I>ering),We8t  Frankfort . 
United  Coal  Mining  Co.,  No.  2  mine, 

Buckner. 
Producers  Coal  Co.,  No.  19  (former- 
ly Dering  No.  11)  mine,  West 

Frankfort. 
Old  Ben  Coal  Corporation,  No.  8 

mine,  West  Fnmkfort. 

BeU  &  Zoller  Mining  Co.,  No.  1 
(formerly  Zelgler  Coal  Ck).)  mine, 
2eigler. 

Christopher  Coal  Mining  Co..  No.  1 
(Old  North)  mine,  Christopher, 
formerly  operated  by  Zelgler  Dis- 
trict Collieries  Co. 

John  A.  Logan  Coal  Co. ,  No.  1  mine. 
Logan  (fbrmerly  Benton  District 
CoaliCo.),  Hanaford. 

Sesser  Coal  Co.,  Seaser  mine 

West  Frankfort  Coal  Co.,  No.  1 

mine,  West  Frankfort. 
W.  P.  Rend  CoUiaries  Co.,  No.  1 

mine,  Rend. 
Christopher  Coal  Mining  Co.,  No.  2 

(New  North)  mhie,  Christopher. 
Old  Ben  Coal  Corporation,  Iso.  9 

mine,  West  Franicfort. 
Chicaco,  Wilmington  &  Franklin 

VoeXco,,  No.  1  mine,  Orient. 
Middle  Fork  Mining  Co.,  New  mine, 

Benton. 

Total 

Average 

Montgomery  Oouniff. 

Shoal  Creek  Ccel  Co.,  No.  1  mine, 
Panama. 

Saline  OmiUg. 

Saline  County  Coal  Co.,  No.  3  mine, 
Hamsburg. 

Eldorado  Coal  &  Mining  Co.,  Sea- 
graves  mine,  Eldorado. 


Total... 
Average. 


Grand  total.... 
Grand  average. 


Date  of  open- 
ing of  mine. 


Dateofbegin- 
ninguaeof 
permissible 
explosives. 


Material  of 
construction 
of  magazine. 


Sept.,  1905. 
Sept.,  1907. 

1906 

1907 

Aug.,  1910..'  Aug.,  1910.. 
1904 '  Sept.,  1910.. 

Sept.  1910... I  Sept.,  1910.. 


1909 

Brick 

1909 

do 

1909 

do 

1910 

do 

1903. 


1906. 


Jan.,  1909. 


1906 

Sept.,  1912.. 

Jan.,  1900... 

Mar.,  1914... 

Oct.,  1914... 

Dec.,  1914... 

1915 


Sept.,  1905. 


1911. 
1908. 


Dec.,  1910... 


1911. 


July,  1911.. 

Dec.,  1911.. 
Aug.,  1913. 

Sept.,  1913. 

Mar.,  1914.. 

Oct.,  1914.. 

Dec.,  1914.. 

1915 


Hollow  tUe.. 
Brick 


Wood,  cov- 
ered   with 
tar  paper. 
II 


Cement 


Brick. 


Corrugated 
sheet-iron. 


Concrete 

Concrete 

block. 
Brick 


do... 

Concrete. 
Brick... 


Wood  (tem- 
porary). 


May,  1913... 

July,  1914... 
Apr.,  1910... 


Brick 


Wood  and 
corruga- 
ted sheet 
iron. 


3,000 
2,400 
2,500 
1,300 
4.000 


2,000 


4,400 
3,800 
3,000 

1,000 

3,000 
1,700 

2,000 

3,600 

3,800 

3,800 

(*) 


45,200 
2,825 


2,600 


2,700  270 


2,000 


4,700 
2,350 


62,400 
2,750 


Ftei. . 
600 

830 

634 

510 

472 
494 

460 

417 


Ft.  in. 
•9      6 


9 

9 

10 

•9 

10 


I 
6 

6 

J 


•9      6 


12 


518       9      6 


700 


647, 
443 


8 
9 


:! 


667 

7 

8 

693 

♦10 

468 

10 

550     10 


600 


641 


381 


460 


360 


615 


•8 


9      5 


4    10 


5    11 


8    11 


a  From  annual  ooal  report  of  Illinois,  1916.  except  those  marked  with  an  asterisk  (*). 
5  Some  black  powder  used  in  drawing  piUan  in  1911. 
c  Doable  ghift. 
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and  perttfuni  data  as  to  methcfili.    Data  to  Apr.  1, 1916. 

(Coal  No.  6  mined  in  Franklin  and  Montgomoy  Counties,  coal  No.  5  in  Saline  County.] 


Komberof 
<empfc»jees.a 


1 

c 


8 

a 


« 

■ 

C 

I 


I 

o 


4S1     413 


: 


: 


548 


230 

5181    305 

ao 

150 
842 
146 


570 
275 


4n 


tto   6i: 


47Q 

167 

483 

387 

434 

450 

4451 


4191 

141 

463 

262 

3v* 

4C8 
400 


♦IM     <96 

: 


,319'6, 638  4,300 


430     300 


5M     546 


425 
HI 


736 
368 


384 


341 


8^6497,8565,124 


350 
394 
247 

100 

3-2> 
1^ 

256 

289 

200 

300 
•86 


I 

i 
s 


Type  of 


54 


57 


46 


20 


27 


28 


23 


10 


20 


256 


335 


224 


•205 


420 
215 


32'/ 

26|    131 

41  21 
38  19 
33     16 


♦12 


648 
38 


44 


36 


24 


Breast, 


.do. 


.do. 


.do. 


Alrinmeher, 

shortwall. 

Breast 

do 

do 

do 


I 
I 

•s 


Feet. 
6 

7 

0 

6 

6 

4 

6 

6 

6 


15  Shortwall... 


6 


336 
20 


22 


«9 


Breast. 


Breast 


Breast 

r4  shortwall. 


,A/4shortw 
"\8  breast. 


60     21 
80     11 


752 


870 
19 


I 

•9 


i 


5.51 

6 

6 

5 

7 
7 
7 
6 


250 
200 

2Q0 
120 
390 
165 

320 

300 

260 

110 


I  250 
130 

240 

250 

240 

226 

Just 
ing 


o 

•9 

O 

u 


C 

e 

« 

o 

^> 

o 

I 

es 

C 


4 
4 
4 

2 
4 
3 


Sice  of  car- 
tridge used. 


6 


18.84 
18.84 
18.84 
9.42 
18.84 
14.13 

28.26 

28.26 


4}  18.84 


2     9.42 


11     by      7 

inches. 
If    by     6 

inches. 
....do. 


.da. 


If     by     7 

inches. 
IJ     by     6 

indies. 

IJ  by  7 
indies. 

If  by  6 
inches. 

1|  by  6  in- 
ches, 1} 
by  7  in- 
ches: 

If  by  6 
inches. 


4   18.84 do. 


9.42 

18.84 
18.84 
18.84 
1&84 


develop- 


....3,640 
6.31    228 


6 


6 

6 
6 


300 


^n 


235 
220 


445 
223 


61 
4 


287.31 
18.00 


4   18.84 


30.06 


19.76 


? 


39.82 
41  19.91 


.do. 
.do. 
.do. 


Method  of  firing. 


111 

iff 

©oil 


Fuse   and    No.   6 

detonator. 
do. 


.do. 


.do. 
.do. 
.do. 


Battery  and  No.  6 
electric  detonator. 

Fuse   and    No.    6 
detonator. 


inches. 
If     by      6 
inches. 


If     by      7 
indies. 


If     by     6 
inches. 

do 


.....4,385 
6+     231 


73  345.97 
4|  18.21 


.do. 

.do. 

.do. 
.do. 


.do. 
.do. 


Battery  and  No.  6 
electric  detonator. 

Fuse  and  No.  6 
detonator. 

do 


Fuse   and   No.    6 
detonator. 


.do. 


.do. 


140 
ISO 
145 
126 
130 
125 

164 

144 

170 

128 

202 
138 

120 

176 

150 

140 


145 


107 


215 


(0 


215 


147 


d  Producing  600  tons  dally;  Just  being  developed. 

«  First  month's  production,  260  to  290  tons  in  rooms,  150  tons  In  entries. 
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In  the  mines  listed  in  Table  1 ,  pennissible  explosives  are  now  used 
exclusively.  As  noted  in  the  table,  the  total  average  daily  tonnage 
of  the  19  producing  mines  is  52,400  tons,  or  2,750  tons  per  mine. 
The  total  number  of  employees  is  8,649,  or  more  than  11.44  per 
cent  of  the  total  number,  75,607,  employed  in  the  mines  of  the  State.* 

Of  the  mines  listed,  those  in  which  permissible  explosives  have 
been  used  exclusively  from  the  start  art:  Mine  No.  2,  United  Coal 
Mining  Co.,  Buckner;  Mine  No.  8,  Old  Ben  Mining  Corporation,  West 
Frankfort;  Mine  No.  9,  Old  Ben  Mining  Corporation,  West  Frank- 
fort; Mine  No.  2,  Christopher  Coal  Mining  Co.,  Christopher;  Mine 
No.  1,  Chicago,  Wilmington  &  Franklin  Coal  Mining  Co.,  Orient; 
New  mine.  Middle  Fork  Mining  Co.,  Benton. 

Tests  have  been  made  at  the  No.  6  mine  of  the  Saline  Coimty  Coal 
Co.,  Grayson,  in  the  No.  5  seam,  and  permissible  explosives  were 
used  in  all  entries  on  trial  during  the  month  of  March,  1915.  Oood 
results  were  obtained  and  the  tests  showed  that  permissible  explo- 
sives would  be  cheaper  for  the  miner.  The  company  is  anxious  to 
introduce  permissible  explosives  at  this  mine  on  account  of  the 
nmnerous  fires  resulting  from  the  use  of  black  powder.  Since  the 
company  took  over  this  property  in  1914,' solid  shooting  has  been 
supplanted  by  machine  mining.  Although  past  experience  has  shown 
the  danger  of  using  black  blasting  powder,  the  acceptance  of  permis- 
sible explosives  by  the  miners  has  been  delayed,  and  the  matter  has 
been  referred  to  the  joint  State  powder  conmiission. 

In  addition  to  the  mines  listed,  permissible  explosives  have  been 
used  to  some  extent  in  other  mines  in  Illinois  for  special  work. 
Among  these,  the  Wasson  Coal  Co.  used  some  in  its  new  slope  mine 
No.  2,  at  Carriers  Mills,  in  1914,  in  development  work  when  the  coal 
was  first  reached.  In  1915,  the  Canton  Coal  Co.,  Canton,  used  a 
small  amount  of  these  explosives  in  rock  work;  the  Marion  County 
Coal  Co.,  Centralia,  used  about  200  pounds  in  a  test  in  blasting  coal, 
and  the  New  Enterprise  Coal  Co.,  used  1,725  pounds  for  shooting 
wet  holes  at  their  stripping  operation  at  Marion,  111.  Permissible 
explosives  have  been  used  in  some  entry  work  at  No.  1  mine,  Royal- 
ton,  but  have  not  come  into  general  use  throughout  the  mine.  Of  the 
20  mines  in  Franklin  Coimty,  all  use  permissible  explosives  exclu- 
sively, except  two  at  Boyalton,  and  one  at  Freeman. 

COST  OF  FEBHZSSIBLE  EZPLOSIVB8TO  OPBBATOB  AND  TO  MXUBB. 

It  has  been  the  custom  for  many  years  in  Illinois  mines  for  the 
operators  to  sell  the  black  blasting  powder  to  the  miners,  at  a  price 
that  has  been  specified  in  the  jointly  made  annual  or  biennial  con- 
tracts between  operators  and  miners. 

a  Animal  ooal  raport  of  UUnois  for  1915,  State  Mining  Boaid,  1916,  p.  2. 
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The  selling  price  of  permissible  explosives  during  the  introductory 
period  ranged  from  S3  to  S3 .50  per  25-pound  box.  In  some  instances, 
so  it  was  claimed,  this  increased  the  cost  to  the  miner  about  1  cent 
per  ton  of  coal,  whereas  in  other  instances  there  was  no  marked  dif- 
ference compared  with  black  blasting  powder  selling  at  SI. 75  per 
25-pound  keg,  because  the  production  with  permissible  explosives 
was  found  to  be  approximately  in  the  proportion  of  2  tons  to  1  with 
black  blasting  powder.  As  soon  as  the  success  of  permissible  explo- 
sives was  assured  th«  miners  raised  the  issue  as  to  their  rights  in  the 
establishment  of  the  price  of  the  explosive  to  come  under  the  opera- 
tion of  their  contract.  In  making  his  report  to  a  State-wide  meet- 
ing of  the  miners  Groce  Lawrence  made  special  mention  of  the  intro- 
duction of  permissible  explosives  during  the  fall  and  winter  of  1909 
and  1910,  as  follows.^ 

The  United  Coal  Mining  Co.  at  Christopher  was  experimenting  with  a  permissible 
explosive.  At  Sesser,  the  Franklin  County  Collieries  Co.  was  making  a  test  of  another 
pomisBible  explosive,  and  at  Rend  City  the  Rend  Coal  Co.  was  experimenting  with 
some  other  brand. 

Board  Member  Smith  and  myself  had  this  pennissible  explosive  question  up  with 
these  operators  on  several  different  occasions  prior  to  April  1, 1910,  but  nothing  definite 
was  done  oth^  than  to  inform  them  and  the  miners  in  their  employ  that  if  they  wished 
to  change  from  the  powder  then  in  use  to  this  new  explosive  they  would  have  to  file 
a  petition  and  handle  the  proposition  in  its  entirety  as  provided  for  in  the  eighth 
clause  of  the  State  agreement.  ^ 

On  several  occasions  the  miners  of  Franklin  County  spoke  to  me  about  buying  and 
ufflng  these  new  explosives.  I  always  took  the  time  and  pains  to  explain  to  them 
what  their  rights  were  under  the  contract,  and  advised  them  not  to  buy  any  of  it  until 
the  question  had  been  definitely  settled  and  a  price  agreed  upon.    *    *    * 

Immediately  after  the  settlement  was  made  last  September  a  petition  was  filed  by 
the  miners  working  at  the  No.  1  mine  of  the  United  Coal  Mining  Co.  at  Christopher  to 
have  the  Qoint  State]  powder  commission  make  a  test  at  that  mine  to  determine  what 
the  relative  cost  of  permiasible  explosive  would  be  as  compared  to  black  powder  at 
11.75  per  [25-pound]  keg.  ^ 

As  soon  thereafter  as  arrangements  could  be  made,  or  on  September  28,  1910,  the 
joint  powder  comnuasion  met  at  Christopher  for  the  purpose  of  making  a  test  at  the 
No.  1  mine  of  the  United  Coal  Mining  Co.  They  devoted  about  30  days  to  the  making 
of  this  test  and  in  trying  to  reach  an  agreement  as  to  the  relative  cost. 

In  this  some  report  is  related  the  difficulty  attenduxg  the  agree- 
ment as  to  the  relative  price,  the  miners  contending  for  a  price  of 
12.45  per  25-poiind  box,  whereas  the  operators,  on  account  of  the 
cost  of  permissible  explosives  and  certain  other  facts  as  to  relative 
productive  values,  endeavored  to  obtain  a  price  more  satisfactory 
to  them. 

'  Tumtf-awoad  Annual  CoQTeiitliBi  of  District  No.  13,  United  ICIne  Workers  of  Anwrica,  1911,  pp.  83, 84. 
»8eep.». 
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A  temporary  agreement  was  made  as  follows: 

Temporary  Aorbembnt  of  Joint  Powder  Commission,  October  12,  1910. 

Meeting  of  the  joint  powder  ooTnmiwBion.^  St.  Louis,  Mo.,  for  the  purpose  of  takiiig 
up  and  considering  the  data  and  all  matters  pertaining  to  the  test  made  with  (name  of 
permissible  explosive)  and  black  blasting  powder  at  the  United  Coal  Mining  Co.'s 
No.  1  mine,  Christopher,  111.  The  commission  agree  to  use  permissible  explosive  in 
the  above-mentioned  mine,  and  based  on  a  temporary  price  of  $2.80  a  box  of  25  pounds 
of  explosive  to  be  charged  the  miners  until  a  more  rigid  and  thorough  investigation  and 
test  be  made,  and  which  muAt  be  made  within  30  days  from  date,  and  should  any 
charge  be  made  other  than  $2.80  per  box  after  a  permanent  price  has  been  settled  upon 
by  the  commission  that  operator  and  miners  shall  be  paid  said  difference  as  the  case 
maybe. 

The  commission  was  agreed  that  the  use  of  permissible  explosives 
would  be  for  the  benefit  and  protection  of  life  and  property.  The 
matter  was  finally  adjusted  as  stated  by  C.  M.  Moderwell,^  president 
of  the  Illinois  Coal  Operators'  Association: 

The  tempcwary  agreement  of  the  joint  State  powder  commission  made  October  12, 

1910,  fixed  a  price  of  $2.80  per  box  on  the  permissible  explosive  which  was  then 
being  used  at  the  United  Coal  Mining  Co.'s  No.  1  mine  at  Christopher.  It  was  decided 
by  the  mining  company  that  the  use  of  a  permissible  explosive  was  absolutely  neces- 
sary at  this  mine,  but  the  attempt  to  introduce  it  caused  a  good  deal  of  trouble,  and 
while  the  temporary  agreement  above  referred  to  was  in  effect  for  some  time,  on 
January  17,  1911,  the  joint  powder  conmussion  reported  a  final  disagreement  and 
referred  it  to  the  joint  executive  board  of  the  miners  and  operaUvs.    Early  in  March, 

1911,  the  minezs'  officials  issued  orders  to  the  miners  working  in  the  mine  above 
refened  to,  as  weU  as  those  in  other  mines  in  that  district,  not  to  pay  more  than  $2.45 
per  25-poimd  box  of  carbonite  or  other  permissible  explosive  after  April  1.  A  special 
committee  representing  Franklin  County  met  the  miners'  board  in  Chicago  on  April  7, 
1911,  and  D.  W.  Buchanan,  for  the  operators,  and  John  H.  Walker,  for  the  miners, 
were  appointed  to  investigate  the  prices  charged  for  permissible  explosivee  in  the 
East.  They  reported  at  a  meeting  of  the  joint  executive  board  held  in  Chicago 
May  10  and  11,  and  the  following  was  finally  agreed  upon: 

In  case  any  operator^desi'res  to  use  a  permissible  explosive,  a  price  of  $2.45  per  box 
for  (names  of  two  brands  of  permissible  explosives)  is  hereby  established  during  the 
remainder  of  the  present  contract  year,  it  being  understood  that  the  efficiency  of  the 
''permiasible"  used  is  to  be  maintained  equal  to  the  same  standard  established  in 
the  joint  test  upon  which  the  above  price  was  based.  Any  dispute  arising  out  of  this 
decision  as  to  the  efficiency  of  the  ''permissible"  furnished  shall  be  taken  up  the 
same  as  any  other  powder  dispute  under  the  contract. 

The  price  of  $2.45  per  25-pound  box  has  since  been  made  a  part 
of  the  contract  and  is  operative  at  the  present  time.  Although  this 
allows  a  small  margin  of  profit  compared  with  handling  black  blasting 
powder,  there  has  been  no  dissatisfaction.  However,  in  1915  and 
1916,  owing  to  the  European  war,  manufacturers'  prices  of  per- 
missible explosives  were  raised,  so  that  some  coal  companies  were 
selling  permissible  explosives  at  a  loss  of  from  50  to  75  cents 
per  25-pound  box.    Some  discussion  was  given  the  question  of 

•  See  pp.  M-^  for  datles  of  commissioxL  t  By  ooireBpondBiioe. 


INCREASE  IN  USE  OF  PEBMI8SIBLE  EXPLOSIVES. 


27 


equalizmg  the  losses  due  to  the  increased  cost  of  explosives  during 
the  joint  convention  in  the  establishment  of  the  new  wage  scale, 
April,  1916,  but  no  decision  was  reached,  and  the  original  contract 
is  in  force.  Explosive  is  delivered  to  the  miner  at  his  working 
place  at  $2.45  per  25-poimd  box. 

KnrDS  OF  PEBMISSIBLE  EXPLOSIVES  ITSBD  DT 


There  are  at  present  four  powder  companies  selling  permissible 
explosives  in  Illinois — the  JEtna  Explosives  Co.  (Inc.),  New  York, 
N.  Y.;  the  Burton  Powder  Co.,  Pittsburgh,  Pa.;  E.  I.  du  Pont  de 
Nemours  &  Co.,  Wilmington,  Del.;  and  the  Illinois  Powder  Manu- 
facturing Co.,  St.  Louis,  Mo.  The  explosives  and  their  characteristics 
are  given  in  Table  2  following.  As  noted,  the  nitroglycerin  class 
of  explosives  is  used  almost  exclusively  in  Illinois. 

Tabui  2. — PermisHble  expUmves  used  in  Illinois  and  their  charaeterittieifi 


Bmid  Mid  immnftnTtorer. 


JBtna  ExfdosiTes  Co.  (Ine.): 

Jltna  ooal  powder  B 

iEtna  eoal  powder  C 

Bnrtoa  Powder  Ca: 

MJne-lteB 

E.  L  da  Pont  de  Nemoois  it  Co.: 

Carbooite  No.  8 

Carbonite  No.  6 

Carbonite  No.  6 

lioDobel  No.  5  < 

nifziais  Powder  Manufacturing  Co.: 

Blade  Diamond  No.  3-A 

B]aek  Diamond  No.  &-L.  F 


Bixeof 

oartridgOy 

inches. 


If  by  6 
If  by 


6.. 


If  by  7.. 

If  by  7.. 
If  by  7.. 
If  by  7.. 
If  by  6.. 

If  by  6.. 
If  by  6., 


Rate  of 
detona- 
tion, > 
feet  per 
second 
Inll-inch 
carnldge. 


9,870 
7,010 

9,540 

8,710 

10,140 

7,490 

6,700 

11,100 
9,030 


8,920 


Pressurey" 
poonds 

per 

square 

inch. 


»  84,063 
00,140 

62,080 

ft  70,742 
70,270 
02,470 

106,100 

82,590 
88,770 


76,366 


U.D.C.,<« 
grama. 


301 
844 

840 


804 
845 
967 

294 
806 


814 


Com* 
pressioD, 

small 
lead  block 

test,* 

milli- 
meters./ 


13.8 

la? 

ia6 

las 

U.7 

8.8 

12.2 

U.5 
18.2 


11.8 


Expan- 
sion, 
trauu 
lead  block 
test.9 
cubic 

Inches. 


11.90 
8.78 

9.70 

9.52 
9.52 
7.38 
8.97 

10.13 
9.76 


9.52 


o  See  Bulletin  06,  Tests  of  permissible  explodTes,  by  Claranoe  Hall  and  Spencer  P.  Howell,  for  ilg- 
irifW«aiM«f^  of  terms  w"d  detailed  results  of  tests. 

^  Bate  of  expk)6ian.  or  rate  at  whldi  detonation  travels  tbrough  a  given  length  of  explosive.  Bate  of 
detooadon  of  11-incih  diameter  cartridges  ereater,  but  not  yet  determined  by  experiment. 

c  Ua-ritniw  theoretical  pressure  exerted  on  explosion,  in  paper  wrapper  except  where  noted. 

'  Unit  deflective  charge.  Number  of  grams  required  to  give  same  propulsive  effect  as  227  grams  of  40 
per  cent  standard  dynamite. 

<  A  certain  measure  of  relative  compressive  effect  of  explosive,  with  charge  unoonflned. 
/  2S.4  milhmeters— 1  inch. 

9  A  certain  measure  of  comparative  disruptive  effect  of  explosive. 
k  Intinfaa  wrH>per. 

<  AJI  explo^ves  areCHass  4,  nitroglycerin,  excepting  Mcndbel  No.  5,  wtaiflh  to  Okii  Is,  ammoBimn  nitrate, 
eootaining  nitroglycerin. 

NotK.— The  wus^t  per  stick  of  explosive  varies,  there  being  40  to  58  sticks  per  25-pound  box  of 
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The  following  figures  from  the  annual  coal  reports  of  Illinois  show 
the  marked  increase  in  the  quantity  of  permissible  explosives  used  in 
coal  mining  in  Illinois  during  the  fiscal  years  ended  June  30^  1911 ,  to 
1915:    1911,  243;099  pounds;    1912,  328,075  pounds;    1913,  603,420 
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during  the  winter  months  for  thawing  and  storing  each  day's  supply 
of  explosives.  The  thaw  houses  are  heated  by  exhaust  steam  at  low 
pressure.  Usually,  however,  the  mine  temperature,  which  normally 
in  the  interior  of  Illinois  coal  mines  is  60^  to  70®  F,  is  depended  upon 
to  thaw  the  explosive  and  keep  it  at  a  proper  temperature  for  use. 

The  Bureau  of  Mines  has  made  a  special  study  of  the  storage  and 
handling  of  explosives,  and  attention  is  called  to  the  bureau's  Tech- 
nical Paper  18,*  which  deals  with  the  problems  of  selection  of  site 
and  specifications  of  construction  of  magazine.  The  type  recom- 
mended by  the  bureau  is  shown  in  Plate  IV,  A,  and  details  of  con- 
struction in  figure  3.  Such  information  may  serve  as  a  guide  to 
future  construction  of  magazines  at  Illinois  mines. 

The  following  brief  conmient  is  taken  from  Technical  Paper  18:* 

BTTBXAir  OF  KIHBS  XAQAZm. 

As  a  result  of  experiments  and  of  information  furnished  by  the  manufacturers  of 
explosives,  a  cement-mortar  magazine  (PI.  IV,  A,  and  fig.  3)  has  been  erected  by  the 
Bureau  of  Mines.  The  magazine  has  a  capacity  of  20,000  to  30,000  pounds  of  explo- 
sives, and  was  built  at  a  cost  of  $400.    The  outside  dimensions  are  10  to  14  feet. 

The  salient  features  of  the  magazine  are  the  cement-mortar  waUs,  sliding  door,  and 
roof.  The  cement  mortar  is  6  inches  thick  in  all  walls  and  3  inches  thick  in  the  roof 
and  the  door.  The  door  is  secured  by  two  substantial  locks.  No  metal  of  any  kind 
is  exposed  on  the  inside  of  the  magazine.  The  ventilatorB  above  the  floor  are  arranged 
to  prevent  the  entrance  of  bullets  or  firebrands. 

The  means  provided  for  ventilation  have  been  found  to  be  adequate,  and,  accord- 
ingly,  the  storage  conditions  are  favorable  for  keeping  the  explosives  from  deterio- 
rating. The  cement-mortar  construction  is  effective  in  resisting  the  penetration  of 
rifle  bullets,  and  because  of  its  friable  nature  offers  an  additional  advantage  for  the 
reason  that,  in  the  event  of  an  explosion  in  or  near  the  magazine,  large  masses  of  mate- 
rial will  not  be  projected  over  the  surrounding  country.  The  galvanized-iron  covering 
is  fire  resisting;  it  also  serves  as  an  excellent  medium  for  protection  against  lightning, 
as  the  four  comers  of  the  building  are  properly  grounded  with  metal  rods. 

In  order  that  the  details  of  construction  may  be  thoroughly  understood,  the  follow- 
ing bill  of  materials  is  presented.  The  concrete  of  the  foundation  consists  of  one  part 
cement,  three  parts  sand,  and  five  parts  gravel.  The  cement-mortar  in  the  iralls, 
door,  and  roof  consists  of  one  part  cement  to  six  parts  coarse  sand 

BILL  OP  MATERIALS. 

Lumber: 

1  piece  of  yellow  pine,  2  inches  by  6  inches  by  18  feet. 

1  piece  of  yellow  pine,  6  inches  by  8  inches  by  14  feet. 
11  pieces  of  yellow  pine,  2  inches  by  10  inches  by  10  feet. 

2  pieces  of  yellow  pine,  1  inch  by  3  inches  by  12  feet. 

4  pieces  of  yellow  pine,  2  inches  by  10  inches  by  10  feet. 

8  pieces  of  yellow  pine,  2  inches  by  6  inches  by  14  feet. 

9  pieces  of  yellow  pine,  2  inches  by  8  inches  by  10  feet. 
6  pieces  of  yellow  pine,  2  inches  by  4  inches  by  7  feet. 
6  pieces  of  yellow  pine,  2  inches  by  4  inches  by  8  feet. 
2  pieces  of  yellow  pine,  4  inches  by  4  inches  by  7  feet. 

a  Hall,  Clarenoe,  and  Howell,  S.  P.,  Magaslnes  and  thaw  houses  for  explosives:  Tecbnical  Paper  18, 
Bureau  ofMines,  1912, 34  pp. 
ft  HaU,  Clarenoe,  and  Howell,  B.  P.,  work  quoted  pp.  18, 19, 26, 2S. 
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Lumber— Continued. 

2  pieces  of  yellow  pine,  4  inches  by  4  inches  by  8  feet. 
24  pieces  of  yellow  pine,  2  inches  by  4  inches  by  9  feet. 

3  pieces  dl  yellow  pine,  2  inches  by  4  inches  by  14  feet. 
9  pieces  of  hemlock,  1  inch  by  10  inches  by  10  feet. 

8  pieces  of  hemlock,  1  inch  by  10  inches  by  12  feet. 
15  pieces  of  hemlock,  1  inch  by  10  inches  by  14  feet. 
28  pieces  of  hemlock,  1  inch  by  10  inches  by  16  feet. 
400  feet  of  lumber  for  framework  of  foundation. 
.48  board  feet  of  16-foot  No.  2  white-pine  flooring. 

856  board  feet  of  No.  2  yellow-pine  flooring,  consisting  of  19  bundles  16  feet  long, 
1  bundle  14  feet  long,  and  11  bundles  10  feet  long. 
Hardware: 

100  pounds  of  8d.  wire  nails. 
40  pounds  of  20d.  wire  nails. 

4  pieces  of  iron,  }  inch  by  1^  inches  by  7  feet. 

2  pieces  of  iron,  f  inch  by  1}  inches  by  18  inches. 
2  pieces  of  angle  iron,  3  inches  by  5  feet  long. 
2  pairs  of  No.  130  Gobum  trolley  hangen. 
8  feet  of  No.  4  track. 
2  end  brackets. 
1  center  bracket. 

1  heavy  iron  door  handle. 

4  brackets  with  hardwood  rollers. 
500  square  feet  of  No.  26  gage  galvanized  flat  iron. 
.  150  square  feet  of  galvanized  corrugated  iron. 

2  pieces  of  5-inch  by  8-inch,  i-inch  mesh,  No.  6  wire  screen. 
8  pieces  of  4-inch  by  10-inch,  f-inch  mesh,  No.  6  wire  screen. 

Cement,  sand,  and  gravel: 
80  bags  of  cement. 
200  bushels  of  sand. 
150  bushels  of  gravel. 

C0V8TKUCTX0V  OF  THAW  HOUSES. 

What  has  been  said  of  the  construction  of  magazines  applies  equally  to  the  designing 
of  thaw  houses.  In  addition  to  protecting  thaw  houses  from  dangers  from  without, 
the  increased  sensitiveness  of  explosives  within  the  thaw  house  involves  another 
danger,  due  to  the  high  temperatures  that  must  be  maintained. 

Thaw  houses  are  usually  situated  so  as  to  be  convenient  to  the  shaft,  pit  mouth,  or 
place  where  the  explosives  are  being  used,  and  consequently  should  be  CQUstructed 
of  material  that  would  not  be  projected  in  large  pieces  should  an  accidental  explosion 
occur.  It  is  also  essential  that  thaw  houses  be  bullet  proof,  and  protected  from  light- 
ning, unlawful  entry,  and  fire. 

In  constructing  thaw  houses  some  source  of  heat  that  can  be  kept  within  safe  limits 
must  be  introduced.  Low-pressiue  steam  is  usually  available  and  when  used  at  pres- 
sures not  exceeding  3  pounds,  in  a  manner  herein  described,  it  has  been  found  to  be 
effective  and  one  of  the  safest  means  of  thawing  explosives.  The  temperature  of  the 
air  entering  a  compartment  should  never  exceed  130^  F.,  and  a  lower  temperature  is 
desirable  if  a  temperature  of  90°  F.  can  be  maintained  within  the  thaw  house. 

The  cement-mortar  thaw  house  (PI.  IV,  B,  and  figs.  4  and  5)  recently  built  by  the 
Bureau  of  Mines  for  thawing  large  quantities  of  explosives  has  a  capacity  of  500  xwunds 
and  cost  complete  $200.  It  was  erected  after  a  consideration  of  the  various  details 
involved,  is  not  of  prohibitive  cost,  and  offers  the  following  advantages: 

The  cement-mortar  walls,  roof,  and  doors  protect  the  explosives  from  bullets;  the 
cement-mortar  and  galvanized-iron  covering  are  fire  resisting,  and  the  latter  furnishes 
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a  good  conductor  for  lightning;  the  huilding  ia  subetantial;  entrance  is  difficult  and  is 
unneceeeary,  for  the  trays  can  be  entirely  removed  without  anyone  entering  the 
house  (see  PL  IV,  B)\  all  parts  of  the  house  are  acceesible  for  cleaning;  the  explosiyes 
can  bo  distributed  in  thin  layers  in  the  tiays;  the  thermometers  are  easily  read  from 
without. 

The  thaw  house  of  the  Bureau  of  Mines  also  offers  the  following  advantages  in  re- 
gard to  temperature:  No  high  temperature  from  artificial  sources  of  heat  obtains  in 
the  vicinity  of  the  thaw  house;  the  low-pressure  steam,  hot- water,  or  electric  coils  are 
not  in  the  thaw  house  proper  but  in  a  separate  compartment  at  its  side,  and  hence 
particles  of  explosives  can  not  come  in  contact  with  them;  the  explosives  are  not  sub- 
jected to  the  evil  effects  of  free  steam  or  water;  the  temperature  is  surely  and  easily 
controlled  with  little  attention;  the  entrance  of  cool  air  or  the  escape  of  heat  from  the 
thaw  house  is  reduced  to  a  minimum;  the  stack  makes  possible  the  positive  circula- 
tion of  heated  air. 

DBUVBBY  AND  8TOBAOE  OF  EXPLOSIVB8  I7NBEB0BOT7KD. 

DELIVEBT  TO  MINER. 

The  miner  usually  orders  his  explosives  at  the  mine  office,  sign- 
ing a  slip,  a  copy  of  which  is  pasted  on  the  box  of  explosive  to  be 
delivered.     The  inscription  on  one  of  these  slips  is  given  below: 


Side 

Entry  No. 

Room 

Date 


Order  slip /or  permiuihle  explotives. 

Mine  No. 
Deliver  to Ck .  No . 


One  Box  Pwfliiatlble  Btplotff* 
Name 


The  explosive  for  the  following  day  is  taken  from  the  powder 
magazine  after  quitting  time.  After  the  shots  have  been  fired,  the 
supply  ordered  is  taken  below  and  distributed  to  various  room  necks 
and  entries  by  a  powder  man  with  mule  and  car  while  the  electric 
current  is  turned  off.  Explosive  is  delivered  in  25-pound  boxes. 
The  State  law  <»  reads  as  follows: 

Amount  of  powder  kept  in  mine. — (a)  No  blasting  powder  or  other  explosives  shall 
be  stored  in  any  coal  mine,  and  no  workmen  shall  have  at  any  time  in  the  mine  more 
than  35  pounds  of  black  powder  nor  more  than  25  pounds  of  permissible  exploedyes, 
nor  more  than  3  pounds  of  other  high  explosives,  provided  that  nothing  in  this  sec- 
tion shall  be  construed  to  prevent  the  operator  of  any  mine  from  taking  into  the  mine, 
when  miners  are  not  therein,  and  in  electrically  equipped  mines,  while  the  current  is 
turned  off  on  roadways  through  which  it  is  transported,  a  sufficient  quantity  of  powder 
for  the  reasonable  requirements  of  such  mine  for  the  next  succeeding  working  day. 
The  delivery  of  powder  into  coal  mines  shall  be  during  the  interval  after  the  shot 
firers  have  come  out  of  the  mine  and  prior  to  the  entry  of  the  day  shift  into  the  mine 
in  the  morning;  but  in  the  interim  before  such  powder  is  delivered  to  the  men,  it 
shall  be  kept  in  a  closed  receptacle. 

Explosives  shall  not  be  carried  in  the  same  car  with  tools  or  other  materiak. 

As  the  working  agreement  *  places  the  responsibility  of  delivery 
of  explosives  on  the  operator,  some  mines  have  a  system  of  storing 
explosives  at  various  partings  or  sections  in  the  mine  in  wooden 

a  Coal-minlng  laws  of  Illinois,  sec.  19. 

b  See  "working  agreement  between  operators  and  miners/'  p.  97. 
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chests  with  a  capacity  of  about  220  pounds,  the  explosive  being 
taken  in  and  stored  after  the  shift  has  left  the  mine.  Explosive  is 
then  delivered  to  miners  at  their  working  places  by  the  powder  man 
on  the  following  morning  and  a  receipt  obtained.  Another  method 
of  designating  the  owner  is  to  paint  the  miner's  check  number  in 
red  on  the  end  of  the  box.  The  amount  of  explosive  delivered  per 
day  varies,  usually  the  greatest  amount  being  at  the  beginning  of  a 
two-weeks'  pay,  as  the  men  will  often  postpone  ordering  for  a  day 
or  two  when  the  close  of  a  two-weeks'  period  is  near.  In  some  of 
the  larger  mines  the  total  amount  of  permissible  explosive  used  per 
day  averages  700  pounds. 

USE   OF   POWDER   BOXES. 

The  Illinois  coal-mining  law  states  that  the  explosive  must  be  kept  in 
a  wooden  box,  securely  locked,  with  a  hinged  lid.  The  boxes  are  usually 
kept  in  the  first  or  second  crosscut  from  the  face.  The  law  does  not 
specify  the  dimensions  of  the  powder  box  to  be  used,  but  for  the 
most  part  boxes  made  of  1-inch  board,  of  convenient  shape  and  large 
enough  to  hold  the  allowable  amount  of  explosive,  are  used.  A  great 
diversity  of  boxes  exists;  probably  about  three-fourths  of  the  boxes 
in  use  fully  comply  with  the  requirements  of  the  mining  law.  Some 
mines  show  marked  superiority  over  others  in  this  respect,  and,  to  a 
certain  extent,  the  conditions  of  storage  of  explosives  reflect  the 
attitude  of  officials  in  the  enforcement  of  safety  measures. 

Mine  inspectors  and  officials  are  constantly  urging  compliance  with 
the  law  in  detail,  and  particularly  that  boxes  should  never  be  placed 
where  power  cables  may  be  laid  in  proximity  to  them.  The  fol- 
lowing notice  is  an  example  of  the  efforts  being  made  in  this  direction : 


irOTXOB  TO  BMPXX>1 

Extract  from  Illinois  State  Mining  Laws  (Sbohon  19). 

*' Place  and  rrumner  of  keeping  in  the  mine. — (6)  Every  x)eraon  who  has  powder  or 
other  explosives  in  a  mine  shall  keep  the  same  in  a  wooden  box,  securely  locked, 
with  hinged  lid,  and  said  box  shall  be  kept  as  far  as  possible  from  the  track; 
and  all  powder  boxes  shall  be  kept  as  far  as  practicable  from  each  other  and 
each  in  a  scheduled  place.  Black  powder  and  high  explosives  or  cape  shall 
not  be  kept  in  the  same  box.  Detonating  explosives  and  detonators  shall  not 
be  kept  in  the  same  box." 

Notice  to  Employees  of  the Coal  Mining  Co. 

^  This  company  will  require  an  immediate  compliance  with  the  above  provi- 
sions of  law. 

Miners  must  provide  themselves  at  once  with  lock  boxes,  keeping  explosives 
and  caps  in  separate  boxes,  and  keep  boxes  in  crosscuts  as  far  as  practicable 
from  face  of  coal  and  from  motor  tracks. 


Coal  Mininff  Co., 
Gen, 


Mgr, 


Tack  this  notice  on  your  powder  box. 
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DELUHEBT  AND  8TOBAGE  OP  FUSE  AND  DETONATORS. 

Necessary  fuse  and  detonators  are  carried  into  the  mines  by  the 
iodividual  miners.  Fuse  is  taken  into  the  mine  in  rolls  of  50  to  100 
feet.  Double  tape  fuse  is  used  almost  exclusively.  This  is  an 
advantage,  for  even  in  dry  mines  wet  holes  are  occasionally  encoun- 
tered, and  a  cheaper  grade  of  fuse  would  be  false  economy.  During 
the  slack  smnmer  season  a  roll  of  fuse  may  not  be  completely  used 
in  three  to  four  months.  The  ingredients  in  fuse,  both  the  powder 
and  the  hemp  wrapping,  readily  absorb  moisture,  and  if  the  fuse  is 
exposed  to  the  damp  floor  of  the  mine  or  the  moist  air  current  it  will 
become  damp  and  be  Uable  to  cause  misfires  or  dangerous  hangfires. 
Because  of  the  safety  and  economy  in  proper  storage,  it  would  be 
desirable  to  supply  an  air>tight  container,  which  could  be  furnished 
at  small  cost  to  each  miner,  suitable  for  holding  a  roll  of  fuse  and  a 
box  of  detonators. 

DETONATORS. 

Detonators,  or  blasting  caps,  are  supplied  at  normal  prices  to  the 
miners  in  boxes  of  100  at  a  cost  of  approximately  $1  per  box  for  the 
No.  6  grade.  These  are  used  almost  exclusively  in  Illinois.  The 
same  quantity  of  No.  5  detonators  can  be  purchased  for  $0.15  to 
$0.25  leas  per  box  than  No.  6  at  the  local  hardware  stores,  and 
miners  sometimes  buy  them,  but  consistent  results  can  not  be 
obtained  with  No.  5  detonators.  Powder  men  contend  that  an 
explosive  detonates  with  greater  strength  when  a  No.  6  detonator  is 
used,  and  strongly  urge  the  exclusive  use  oi  detonators  of  not  less 
strength  than  No.  6,  which  is  one  of  the  requirements  of  permissibility. 
With  some  permissible  explosives  a  No.  7  detonator  must  be  used. 
If  the  explosive  has  been  stored  for  a  period  of  approximately  six 
months  in  the  magazine,  or  if  it  has  become  damp  in  the  miner's  box 
imderground  or  in  a  damp  drill  hole,  the  use  of  a  No.  5  detonator  is 
not  only  inefficient  but  dangerous.  Under  these  conditions  it  is 
probable  that  a  No.  5  detonator  will  not  detonate  the  explosive 
properly,  but  will  cause  a  misfire,  or  blow  the  stemming  and  part 
of  the  explosive  out  of  the  drill  hole,  or  merely  ignite  the  explosive, 
and  start  a  fire  or  an  explosion. 

It  is  quite  probable  that  detonators  kept  imderground  without 
careful  storage  for  two  or  three  months  may  become  damp  and  weak. 
Tests  have  shown  that  when  detonators  become  damp  as  little  as 
one-sixth  of  the  fulminate  has  been  known  to  explode,  which  is 
insufficient  to  detonate  a  stick  of  explosive.  The  100-detonator 
boxes  are  provided  with  a  sheet  of  blotting  paper  which  is  sup- 
posed to  keep  out  moisture,  being  laid  on  top  of  the  caps  and  the 
cover  placed  over  it.  This  sheet  fulfills  its  purpose  when  the  box 
is  full,  but  after  the  detonators  fall  from  the  vertical  position,  it  does 
not  cover  the'  ends  of  the  detonators  and  furnishes  little  protection 
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from  moisture.    Some  miners  Tocognize  this  fftct  and  stuff  cotton  or 
paper  over  tlie  detonators  in  the  box  to  remedy  this  defect;  others 
who  do  not  take  such  precautions  find  that  they  have  frequeot 
misfires.     To  offset  this,  R.  M.  Medill,  superintendent  of  the  Dering 
Coal  Co.,  first  introduced  detonators  in  boxes  of  25  each  in  Franklin 
County.     Some  companioa  have  lately  been  furnishing  detonators 
in  moisture-proof  packages  of  10  each.    The  detonators  are  so  packed 
that  they  do  not  come  in  contact.     With  this  style  of  package  the 
miner  can  always  feel  sure  of  having  a  strong  detonator  and  the 
pack^;es  are  s^er  to  handle  than  an  ordinary  box  of  detonators. 
(See  PL  V,  A.)    They  are  furnished  at  a  small  increase  in  cost. 
A  box  that  is  sometimes  used  contains  a  perforated  partition  which 
serves  to  hold  the  detonators  upright 
in  the  box,  even  after  most  of  them  have 
been  removed,  and  a  piece  of  blotting 
paper  covers  their  open  end,     A  box  of 
this  type  used  in  metal  mines  and  quar- 
ries is  illustrated  in  Bulletin  80'  of  the 
bureau.     Such  a  box  can  be  used  indefi- 
nitely, as  the  detonators  can  be  sold  loose 
^elSii'^       to  the  miners  in  small  quantities  not  to 
exceed  25  at  a  time. 

At  a  few  mines  the  miners  obtain 
'^Sm^     their  detonators  at  the  shaft  bottom. 
•Mrai  This  is  r^srded  as  a  much  bettor  prac- 

tice than  where  the  miners  obtain  them 
on  the  surface  and  then  descend  on  the 

SUCTBtO  DBTOHATOR8. 

In  two  mines  electric  detonators  are 
FKiu»«.-EtocWodewnMor,.howiiigiu   supplied  to  the  miners  in  boxes  eontaiii- 
oompuieiit  parts.  .    '^  ^  »         -.t  i  ■       . 

mg  50  each.  No.  6  electnc  detonators 
vriHx  8-foot  iron  wires  are  used.  No.  6  electric  detonators  with  8'foot 
copper  wires  were  formerly  used  but  have  been  practically  replaced 
by  the  detonators  witii  iron  wires.  (See  fig.  6,  which  shows  com- 
ponent parts  of  electric  detonators.) 

Many  of  the  difficulties  attending  the  use  of  fuse  and  detonators 
are  eliminated  by  the  use  of  electric  detonators,  as  they  are  not  easily 
affected  by  moisture  and  do  not  require  any  preparation  by  the 
miner.     Plate  V,  B,  shows  boxes  of  detonators  and  electnc  detonators. 

il  minan  uid  quarrfmsD;  BnU. 


CISTURE.PnDOF  PACKAGE  HOLDING  TEN  DETONATORS. 


B.     DETONATORS  AND  ELECTRIC  DETONATORS. 
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STSTXXS  OF  BLASTnra. 

U  SUMMS  VniSQ  AHD  "  SJI U  JlBIirO." 

In  the  Illinois  coal  mines  using  permissible  explosives  the  undercut- 
ting is  done  in  the  bottom  cosl  adjacent  to  the  under  day.  In  18  of 
the  mines  listed  all  undercutting  is  done  with  breast  chain  marbinee. 
Only  one  of  these  mines  uses  the  "ahortr-wall"  type  of  machine 
exdusively,  vhich  cute  across  the  face  after  first  "sumping"  in. 
Two  other  mines  have  a  few  "sbort^wall"  machines.  Puncher 
machines  are  used  in  two  of  the  mines  listed ;  in  one  of  these  all  the 
coal  is  undercut  entirely  by  puncher  machines;  in  the  other  the 
output  is  about  equally  divided  between  puncher  and  chain  machines. 


Fkoib  7. — Aiaagmaaat  el  drlU  bi 

After  the  coal  in  the  No.  6  seam  has  been  undercut  by  chain  machine 
it  is  generally  "snubbed,"  either  by  sledge  and  wedge  or  by  pick  on 
a  sloping  face  extending  from  the  "blue  band"  to  about  one-half 
the  depth  of  the  undercut,  as  shown  in  figure  7.  This  system  of  snub- 
bing previously  followed  in  the  Staunton  field  as  early  as  1S97,  was 
introduced  in  Franklin  County  by  the  agreement  between  Franklin 
County  operators  and  miners.  All  cuttings  are  required  to  be  loaded 
out  before  any  shooting  is  done.  Sometimes  "snubbing  shots"  are 
fired. 

Figure  8  shows  methods  of  snubbing  in  entries.  In  entry  work 
the  most  general  practice  is  hand  snubbing  and  shooting  the  coal 
vith  two  boleS)  as  shown  ^t  A.    In  one  new  mine  where  development 
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work  has  been  progreesing  rapidly,  the  firing  of  one  snubbing  abet, 
as  shown  at  B,  has  been  used  with  good  results.  In  the  thicker  coal 
two  snubbing  shots  are  fired  in  entries,  as  shown  at  C. 


nouKB  S.— AmofMimit  of  drill  holaa  In  entry 


I,  tn>K»l  of  pnetic*  fit)) 


The  size  of  drill  hole  used  in  these  mines  averages  2}  to  2J  inches 
in  diameter.  The  two  conunon  types  of  drills  in  use  ("post"  and 
"grip")  are  shown  in  Plate  11,  B  and  0. 

nniere  a  an  agreeable  uniformity  in  the  general  arrangement  of 
shots  in  the  various  mines  in  which  permissible  explosives  are  used. 
The  working  dimensions  are  uniform  for  the  most  part,  rooms  bmng 
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24  to  26  feet  in  width.  The  height  of  coal  worked  vanes  from  7  to 
10  feet,  7}  to  8  feet  being  the  average;  10  to  40  inches  of  top  coal 
is  left  for  roof.  A  typical  representation  of  the  drill  holee  as  to 
length,  location,  and  arrangement  in  rooms  for  mines  working  the 
No.  6  seam  in  which  the  coal  is  undercut  by  chain  machines  is  shown 
m  figure  7 ;  figure  8  gives  similar  details  for  entries.  Figure  9  shows 
the  arrangement  of  shots  in  mining  the  No.  5  coal,  in  which  no  top 
bench  is  left  for  roof. 

In  rooms  the  face  is  usually  shot  with  three  holes  drilled  parallel 
with  the  rib  and  about  12  inches  from  the  roof,  consisting  of  a  center 
hole  and  two  rib  holes  drilled  about  18  inches  from  the  ribs.  The  holee 
usually  slope  upward  about  8''  or  10°  and  are  drilled  to  a  depth  equal 
to  or  slightly  less  than  the  depth  of  the  undercutting,  which  varies 


Thvu  tt.— AnsniKiHat  of  drill  hol«.  No.  G  mm,  OMi  nndercat  lij  cbiln  maohlDa,  buid  nmbbliit. 

from  4i  to  5  feet  with  puncher  machines  and  from  5  to  7  feet  with 
chain  machines. 

There  are  a  number  of  modifications  of  this  method.  In  some 
instances  holes  are  drilled  as  far  as  2  to  3  feet  from  the  rib  and  about 
18  inches  from  the  roof.  In  some  mines  horizontal  holes  are  drilled, 
and  these  give  good  results,  but  usually  on  account  of  the  height  of 
the  coal  and  the  difficulty  of  driding  so  close  to  the  roof,  the  holes 
&re  ^ven  a  slight  angle.  Undoubtedly  the  best  rraults  are  obtained 
when  the  hole  is  only  slightly  inohned  and  the  depth  of  the  hole  is 
about  6  to  12  iiiohes  less  than  the  depth  of  undercutting.  Usually 
in  mining  the  coal  breaks  along  certain  faces  independent  of  the 
angle  of  the  drill  hole,  but  in  the  Ko.  6  coal  the  oleat  is  not  very  pro- 
nounced. The  advantage  of  inchning  the  holes  is  to  cross  the  bed- 
ding planes  which  in  some  places  are  distinct.    Drill  holes  should 
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not  be  deeper  than  within  6  inches  of  a  vertical  plana  through  Uie 
back  of  the  undercutting.  Holes  drilled  so  that  the  point  is  cloee  to 
the  rib  or  is  in  solid  coat  at  the  back  require  more  explosive  and  yield 
a  smaller  proportion  of  lump  ooal.  In  entry  work  in  these  mines 
generally  two  holes  are  used.  SouLotimes  the  hole  for  tliQ  "buster" 
shot,  which  is  always  given  the  shortest  fuse  in  order  to  insiure  its 
being  fired  first,  is  drilled  about  18  inches  from  one  of  the  ribs,  and 
the  hole  for  the  second  shot  is  drilled  9  to  12  inches  from  the  other 
rib.  On  the  next  round  the  position  of  the  "buster"  shot  and  the 
second  shot  is  rdversed,  thus  maintaining  a  square  rib. 

"When  black  blasting  powder  was  formerly  used  in  these  mines, 
five  holes  were  fired  as  shown  in  figure  10.     The  two  shots  immediately 


Fiavu  10.— Arranienunt  o[  dim  holM,  No.  S  seun,  typical  o[  pnutlcs  In  FnnUlD  County 
blosUnc  powder  wu  used  and  snubbing  was  done  b;  powder,  In  mines  wbi  '    ~  ' 

arenav  used.    Uetbod  of  anubblng  with  peimlialble  eipkalvca  uaed  In  coal  B 

above  the  "blue  band"  acted  as  "snubbing"  shots.  At  the  outset 
a  number  of  miners  practiced  the  same  method  with  permissible 
explosive,  firing  snubbing  shots.  This  method  is  used  to  some  extent 
at  Zeigler  and  Seeser  in  mining  thick  coal — 9  or  more  feet  thick — 
and  is  strongly  recommended  as  smaller  chains  of  explosive  can  be 
used  per  shot  and  the  limit  charge  will  not  be  exceeded,  but  the 
general  practice  throughout  the  field  is  hand  snubbing.  In  some 
places  in  the  Zeigler-Christopher  field  the  "blue  band"  becomes  so 
thick,  about  12  inches,  that  it  is  left  in  place,  serving  as  the  bottom. 
When  the  work  to  be  done  reqxiires  the  use  of  an  excessive  amount 
of  explosive  in  three  holes,  then  a  greater  number  of  holea  should 
be  drilled. 
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Permissible  explosives  have  been  used  in  shooting  off  the  solid  to 
some  extent  in  drawing  pillars  and  have  given  good  residts.  It  has 
been  fonnd  that  these  explosives  can  be  used  to  good  advantage  in 
shooting  out  the  bottom  benoh  below  the  ''blue  band;"  then  the 
remaining  coal  is  shot  down  as  when  undercut.  Their  use  has 
worked  satisfactorily  in  a  number  of  instances  in  ''slabbing"  entries 
and  in  lecovering  top  coaL 

In  a  certain  Franklin  County  mine,  hand  mining  is  done  in  some 
few  scattered  rooms  which  are  too  far  removed  from  the  machine 
districts  to  be  economically  handled  on  the  machine  basis.  Usually 
expert  miners  are  assigned  to  such  places.  Cutting  is  done  by  hand 
iimnediately  above  the  middle  bench  in  the  brittle  layers  of  coal 
about  2  feet  from  the  coal  roof.  Cutting  is  readily  accomplished  to 
a  depth  of  5  to  5i  feet.  When  the  "weight"  comes  on  the  coal  the 
work  of  hand  mining  is  comparatively  easy.  Permissible  explosives 
are  used  exclusively  in  this  mine  and  give  satisfactory  results  in  shoot- 
ing up  the  bottom  bench,  and  only  Ught  charges  are  required  to 
loosen  the  top  bench,  often  only  two  short  holes  being  necessary  to 
shoot  the  top  mass  loose  in  a  24-foot  room.  Miners  working  in  these 
rooms  gain  a  larger  tonnage  per  box  of  explosives  used  than  the 
average  for  the  regular  machine  districts  of  the  mine. 

QXrAJnTTY  OF  XXPLOSIVE  USED. 

The  amount  of '  'snubbing "  determines  to  a  large  extent  the  success 
obtained  with  permissible  explosives.  When  the  coal  is  weU  snubbed 
to  a  depth  of  3  feet,  the  mass  loosened  by  the  shot  tends  to  fall  over, 
with  the  result  that  the  coal  is  won  easily  and  without  special 
danger.  Less  explosive  is  used  and  the  grade  of  coal  obtained  is 
better  than  without  snubbing. 

In  the  mines  in  the  No.  6  coal,  the  charge  when  three  shots  are 
fired  per  room  is  usually  three  and  one-half  to  four  sticks,  or  1}  to 
2  pounds,  for  the  center  or  "buster"  shot,  and  three  sticks,  or  1} 
pounds,  for  each  of  the  rib  shots.  Practice  varies  somewhat  in  the 
different  xnines;  in  some  as  many  as  five  sticks  are  used  in  the  center 
shot,  with  foiu*  in  each  of  the  rib  shots.  One  instance  was  noted  in 
which  six  sticks  were  used  for  the  center  shot  and  five  for  each  of 
the  rib  shots.  This  is  in  excess  of  the  limit  charge  of  1^  pounds 
which  the  Biueau  of  Mines  has  determined  as  the  maximum  safe 
loading  charge  per  hole;  a  greater  number  of  holes  should  be  employed 
with  less  explosive  per  hole.  Sometimes  four  holes  are  drilled  to 
meet  these  conditions. 

The  usual  practice  is  to  use  a  slightly  heavier  chai^  for  the 
''buster"  or  center  shot  than  for  the  rib  holes.  In  some  mines  a 
number  of  the  miners  used  three  sticks  of  explosive  per  hole,  includ- 
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ing  the  center  ahot.     In  such  inatances,  however,  the  amount  used 
was  sufficient  to  break  the  coal  down  in  the  center. 

In  one  mine  in  the  No.  6  coal,  the  practice  of  uaing  a  hghter  charge 
for  the  center  shot  was  found  to  give  good  results.  Two  sticks  of 
explosive  were  fired  in  the  center  shot  and  three  in  the  rib  shots. 
mie  center  shot  caused  the  coal  merely  to  sag,  tending  to  break  the 


mass  free  from  the  riba.    The  eflecte  of  these  two  methods  are  shown 
in  figures  11  and  12. 

In  %ure  1 1 ,  the  arrows  at  either  rib  indicate  the  tension  thrown 
on  the  coal  at  the  rib  by  the  we^ht  of  the  mass  W,  which,  through 
the  partial  removal  of  the  centersupport  by  the  "buster"  ahot,  acta 
as  a  cantilever  to  break  the  rcanainii^  coal  free  from  the  ribs.    As 


the  coal  does  not  have  mudi  tensile  strength,  the  weight  of  the 
partly  supported  mass  undoubtedly  helps  to  break  the  coal  free 
when  the  rib  shots  are  fired. 

The  reason  for  uaing  a  heavier  charge  for  the  "boater"  ahot  is  to 
give  two  loose  ends  for  the  rib  shota.  The  "buster"  shot  loosens  a 
somewhat  circular  mass  at  the  center  of  the  face,  which  on  account 
of  the  snubbing  tends  to  fall  forward.  When  the  rib  shota  are  fired, 
there  is  a  side  thrust,  and  the  coal  from  these  shots  tends  to  smk 
down  on  the  coal  looBeoed  by  the  "buster"  or  center  shot. 
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When  the  center  shot  is  fired  light,  as  shown  in  figure  12,  the  effect 
is  different.  When  such  a  shot  is  fired,  the  full  length  of  the  coal 
across  the  face  acts  as  a  partly  supported  beam,  which  tends  to  sag 
in  the  middle.  The  burden  on  the  center  shot  when  the  coal  has 
been  undercut  to  a  depth  of  6  feet  is  much  less  than  on  the  rib  shots. 
The  fact  tix&t  the  center  shot  is  charged  light  and  merely  loosens  the 
coal  at  the  center  but  does  not  break  it  tends  to  cause  a  greater 
tension  on  the  upper  part  of  the  rib,  which  aids  the  action  of  the 
explosive  in  the  comer  or  rib  shots.  It  is  necessary  that  the  rib 
shots  shall  be  shearing  shots,  and  with  thick  coal  this  makes  a  heavy 
burden  on  the  shot.  With  the  center  sagging  and  tending  to  pull 
the  coal  from  the  ribs,  the  rib  shots  have  less  work  to  do  and  throw 
the  coal  slightly  forward.  Much,  of  course,  is  dependent  on  the 
character  of  the  coal  and  its  resistance  to  shearing  action. 

Table  3  gives  records  of  shots  with  permissible  explosives  in  typical 
mines  in  FrankUn  and  Saline  Counties,  with  data  on  the  method  of 
placing,  drilling,  and  loading  the  hole,  dimensions  of  hole,  amotmt  of 
explosive  used,  and  coal  produced. 
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PBBPABATION  OF  THE  PBOCINO  CABTRIDOE. 

When  detonators  or  blasting  caps  and  fuse  are  used  in  preparing 
the  priming  cartridge^  the  following  points  are  to  be  considered: 

The  detonator  contains  a  highly  sensitive  substance^  known  as 
falminate  of  mercury,  and  it  should  be  handled  with  care. 

The  successful  firing  of  the  shot  largely  depends  on  careful  and 
proper  arrangement  of  the  fuse  and  detonator. 

Hie  ingredients  in  fuse  readily  absorb  moisture,  also  a  part  of  the 
powder  train  may  be  lost  from  the  open  end,  and  therefore  an  inch 
or  two  of  fuse  should  always  be  cut  off  the  end  of  the  roll  before  it 
is  used. 

The  fuse  should  be  cut  off  sqiiarely  with  a  sharp  knife,  the  end 
being  held  in  an  upright  position  to  prevent  loss  of  powder.  The 
end  of  the  fuse  should  then  be  pushed  gently  up  into  the  detonator 
until  it  touches  the  fulminate.  It  should  not  be  twisted  in  the 
detonator,  as  the  friction  might  be  sufficient  to  explode  the  detonator. 

The  fulminate  readily  absorbs  moisture;  therefore  the  detonator 
should  be  kept  in  a  moisture-proof  container  until  it  is  to  be  used. 
The  detonator  should  not  be  blown  into  with  the  breath,  as  moisture 
may  thus  be  introduced. 

The  detonator  should  be  crimped  on  the  fuse  with  a  proper  crimper, 
providing  a  practically  water-tight  connection.  Plate  VI  shows  an 
improved  type  of  crimper  and  the  method  of  properly  crimping  the 
detonator  to  the  fuse.  The  very  common  practice  of  crimping  the 
detonator  to  the  fuse  with  a  knife  is  inefficient;  crimping  with  the 
teeth  is  a  dangerous  practice.  A  satisfactory  crimper  m^y  be  bought 
for  about  25  cents  each,  and  as  it  is  needed  each  day  should  be 
regarded  as  an  indispensable  part  of  the  miner's  equipment.  It  is 
to  be  regretted  that  so  few  are  in  use. 

In  Illinois  mines  the  usual  custom  of  preparing  the  primer  is  to 
punch  two  holes  diagonally,  one  entirely  through  the  cartridge  of 
explosive  and  the  other  part  way,  usually  with  a  wooden  skewer. 
The  fuse  is  then  laced  through  the  open  diagonal  hole  in  the  cartridge  ^ 
and  the  detonator  end  pushed  into  the  other  hole  diagonaUy  into 
the  cartridge  so  that  the  detonator  hes  near  the  center  of  the 
cartridge,  as  shown  in  A,  figure  13.  The  electric  detonator  is  usually 
inserted  in  a  hole  punched  diagonally  into  the  side  or  end  of  the 
cartridge,  and  the  wires  are  given  a  half  hitch  around  the  stick,  as 
shown  in  B  and  C,  figure  13. 

By  these  methods  the  priming  cartridges  are  easily  and  quickly 
prepared,  and  there  is  apparently  some  advantage  in  having  the 
stemming  *  forced  against  the  end  of  the  explosive  with  less  possi- 

•  The  Boreaa  of  Mines  does  not  recommend  the  lacing  of  fuse  through  the  cartridge  of  explosive. 

bin  the  publications  of  the  Bureau  of  Ifines,  the  word  "stemming "is  used  to  designate  the  material 
Qsed  to  eaaSae  an  ezplo«iy«  in  a  drlU  hole,  and  the  word  *'  tamping"  is  used  to  designate  the  act  of  ramming 
the  stemming  into  the  hole. 
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bility  of  doubling  back  the  fuse  or  wires  and  in  preventing  the  detona- 
tor from  being  pulled  from  the  cartridge  during  the  tamping,  as  they 
serve  to  do.  There  are,  however,  several  serious  disadvantages  in 
the  use  of  these  methods,  and  they  are  not  regarded  as  the  best 
practice  for  the  following  reasons:  Care  must  be  taken  to  see  that 
the  detonator  Ues  near  the  center  of  the  charge  or  the  charge  may 
not  be  detonated  with  full  strength.  If  the  explosive  fills  the  drill 
hole  tightly  there  is  danger,  when  the  cartridge  is  pushed  into  the 
hole,  of  breaking  the  insulation  of  the  wires,  or  if  fuse  is  used,  the 


Half  hitch 


Lead  wireft 


Stemming 


B 


Half  hitch 


Lead  wires 


Stemming 


FiauBB  13.— Methods  o(  arranging  primers  commonly  used  In  the  Illinois  mines,  not  recommended.  A, 
fuse  laced  through  cartridge;  B,  electric  detonator  inserted  in  the  side  of  cartridge  and  wires  secured  with 
half  hitch;  C,  electric  detonator  inserted  diagoaially  in  end  of  cartridge  and  wires  seemed  with  half  hitch. 

fuse  projecting  through  the  cartridge  may  be  damaged  when  being 
inserted.  With  the  fuse  laced  through  the  cartridge  there  is, always 
the  possibihty  that  the  explosive  may  be  ignited  by  *'side  spitting'' 
of  the  fuse,  start  to  bum,  and  thus  prevent  complete  detonation. 
If  tamping  be  done  too  vigorously,  with  the  electric  detonator 
arranged  as  shown,  the  cartridge  containing  the  electric  detonator  may 
be  so  expanded  that  the  half  hitch  in  the  wire  may  form  a  tight 
knot  and  possibly  give  a  short  circuit  or  cause  the  wires  to  break* 

Practices  that  are  sometimes  followed  in  Illinois  and  are  recom- 
mended as  being  more  efficient  than  the  others  are  shown  in  figure  1 4,  in 


A.    IMPHOveO  TYPE  OF  CRIMPER, 


B.    CRIMPING  OETONkTOR  O 
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which  the  detonator  with  fuse  is  inserted  in  the  end  or  side,  and  the 
electric  detonator  in  the  end  of  the  cartridge,  and  tied  in  position  as 
shown.  The  first  two  or  three  inches  of  the  tamping  material  should 
be  inserted  loosely  against  the  charge  so  that  the  more  forceful 
tamping  will  not  disturb  the  position  of  the  detonator  nor  subject  it 
to  shock.  These  methods  require  that  the  miner  provide  himself 
with  string  to  tie  the  detonator  in  place,  but  this  important  part  of 
each  day's  work  should  be  carefully  attended  to  and  sufficient  time 
taken  to  perform  the  work  with  proper  care.  A  simple  and  excel- 
lent method  of  using  an  electric  detonator  is  shown  in  figure  15. 


TSsd  with  cord 


FuuBi  14.— Methods  of  amagfng  primen.  A,  electric  detonator,  wires  tied  with  cord;  B,  fuse  and 
detanator,  detonator  inserted  in  the  side  of  cartridge  and  fuse  tied  to  cartridge  with  cords;  C,  detonator 
ioMTtad  In  end  of  cartridge  and  tied  in  with  coed. 

LOADINa  Ain>  TAHPINa  THE  HOLE. 

Permissible  explosives  in  cartridges  1|  by  6  inches  or  If  by  7 
inches  in  size  and  weighing  approximately  one-half  pound  have 
been  found  to  be  the  most  satisfactory  in  Illinois  and  are  used 
exclusively.  The  use  of  this  diameter  of  cartridge,  which  is  larger 
than  ordinarily  used  in  coal  mining  elsewhere,  places  a  sufficient 
quantity  of  explosive  at  the  back  of  the  drill  hole  to  do  the  re- 
quired work,  without  the  cartridges  being  broken.  The  miner  usually 
carefully  scrapes  all  drill  dust  from  the  hole  before  he  inserts 
the  cartridges,  so  that  no  material  can  lodge  between  them  and 
prevent  close  contact.    The  cartridges  are  placed  in  the  drill  hole  in 
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their  original  wrappers,  usually  without  the  paper  ends  being  torn 
off,  and  are  pushed  back  with  the  tamping  bar.  Some  miners 
place  the  primer,  containing  the  cap,  in  last,  others  place  it  in  the 
middle  when  using  three  sticks.  It  is  usually  the  last  or  next  to 
the  last  cartridge  put  in. 

Clay  stemming  is  generally  used  and  tamping  is  accomplished  by 
means  of  a  heavy  iron  bar,  copper  tipped.^  The  stenuning  is  tisually 
made  up  in  paper  cartridges,  called  ''dummies,"  about  2  inches  in 
diameter  and  12  to  15  inches  long.  Generally  speaking,  3  feet  of 
stemming  is  sufficient  for  satisfactory  results  with  the  usual  charge 


FiouBx  IS.—Another  method  of  Inserting  electric  detonator  in  primer. 

in  a  6-foot  hole,  but  sometimes  the  drill  hole  is  directly  above  and 
parallel  to  a  hard  ''sulphur"  or  ''rock"  band,  and  it  takes  more 
stemming  to  prevent  the  charge  from  blowing  out.  The  amoimt  of 
stemming  should  be  sufficient  not  only  for  ordinary  conditions  but 
for  extraordinary  conditions,  and  therefore  the  stemming  should 
always  extend  to  the  mouth  of  the  drill  hole.  The  State  law  in 
regard  to  tamping  reads  as  follows:  ^ 

Tamping. — ^Every  blasting  hole  shall  be  tamped  full  from  the  explosive  to  the 
mouth  of  the  hole,  and  no  coal  dust  or  any  material  that  is  inflammable  or  that  may 
create  a  spark,  whether  the  same  shall  be  wet  or  dry,  shall  be  used  for  tamping. 


o  The  Bureau  of  Hines  recommends  the  use  of  a  wooden  tamping  bar. 
b  Coal-mining  laws  of  Illinois,  see.  19  (f ). 
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Although  the  law  thus  decrees  that  only  noninflammable  material 
shall  be  used  as  stemming,  experience  has  shown  that  where  such  ma- 
terial can  not  be  had  conveniently  some  of  the  men  will  use  ''bug 
dust/'  or  drill  dust,  unless  dose  cQscipline  is  maintained,  and  some 
shot  firers  have  no  objections  to  its  use.  In  every  mine  in  the  district 
day  is  obtainable  from  the  floor.  Sometimes  it  is  obtained  with 
difficulty,  but  the  practical  miners  know  that  by  pouring  some  water 
or  coffee  from  their  dinner  pails  on  a  convenient  spot  the  clay  over- 
night becomes  moist  and  breaks  up  easily;  and  thereafter  it  is  a 
simple  matter  to  obtain  all  necessary  clay  for  tamping  by  occasional 
dampening.  Where  day  is  not  obtainable  from  the  floor,  no  doubt 
the  operator  would  be  willing  to  send  to  convenient  points  in  the  mine 
suitable  surface  day  or  dirt.  Clay,  in  addition  to  being  the  more 
efficient  material  for  holding  the  diarge,  tends  to  damp  the  flame  in 
the  event  of  a  blown-out  shot.  The  dangers  of  coal-dust  stemming 
have  been  shown  in  tests  with  black  blasting  powder  at  the  Pittsburgh 
experiment  station  of  the  Bureau  of  Mines;  the  use  of  coal-dust 
stemming  lengthened  the  flame  of  a  blown-out  shot  50  to  60  feet.^ 

There  is  no  defense  for  the  use  of  coal  dust  for  stenmiing.  Several 
times  when  its  use  was  called  to  the  attention  of  the  miners  a  majority 
of  them  strongly  denounced  the  practice.  A  number  of  the  State 
inspectors'  reports  recommend  that  the  use  of  drillings  be  discontinued 
and  that  day  be  used. 

Care  should  be  taken  in  tamping.  The  heavy  iron  bar  commonly 
used  should  be  abandoned,  as  it  is  dangerous,  and  a  wooden  tamping 
bar  substituted.  It  is  possible  to  strike  a  spark  from  a  lump  of 
pyrite,  or  "sulphur,"  with  a  metal  rod,  even  of  copper.  The  wooden 
tamping  bar  is  much  safer,  is  less  liable  to  injure  the  fuse  or  detonator 
wires,  and  is  suffidently  heavy  to  insure  effident  tamping. 

If  wet  holes  are  encountered,  they  are  usually  left  unchaiged  and 
the  shot  firer  does  the  charging  and  tamping;  otherwise  all  shots  are 
tamped  by  the  miner.  In  the  event  that  he  quits  work  before  the 
shot  firer  makes  his  rounds,  the  miner  takes  a  piece  of  cartridge  paper 
and  marks  on  it  the  figure  indicating  the  number  of  shots  prepared 
in  his  room  and  posts  it  near  the  room  mouth  for  the  information 
of  the  shot  firer.  In  some  mines  two  brands  of  permissible  explosives 
are  used,  and  in  a  few  instances  both  brands  have  been  used  in  a 
single  drill  hole.  This  practice  is  not  prevalent  and  has  been  done 
without  understanding  the  danger  of  the  practice,  when  a  miner  had 
but  one  or  two  sticks  of  a  certain  brand  left  and  borrowed  some  of 
another  brand  from  a  f eUow  miner,  or  changed  to  a  new  brand,  A 
fire  may  result  from  the  use  of  two  different  brands  in  the  same  shot. 

•  Rloe,  0. 8.,  Theexplosiblllty  of  ooal  dust:  BnU.  00,  Bonaa  of  HizMs,  1911,  pp.  59-54. 
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METHODS  OF  FZBJNa  SHOTS. 

Relative  to  shot  firing  in  Illinois  mines,  the  State  law  in  part  reads:** 

In  all  mines  in  this  State  where  coal  is  blasted,  and  where  more  than  2  pounds  of 
powder  is  used  for  any  one  blast;  and  also,  in  all  mines  in  this  State  where  gas  is 
generated  in  dangerous  quantities,  a  sufficient  niunber  of  practical,  experienced 
miners,  to  be  designated  as  shot  firers,  shall  be  employed  by  the  company,  and  at  its 
expense,  whose  duty  it  shall  be  to  inspect  and  do  all  the  firing  of  all  blasts,  prepared  in 
a  practical,  workmanlike  manner,  in  said  mine  or  mines. 

Shot  firers  are  employed  in  all  the  mines  using  permissible  explo- 
sives, from  two  to  six  shot  firers  being  employed  at  each  mine.  They 
enter  the  mine  at  1.30  to  2  p.  m.  and  examine  the  shots  to  be  fired, 
noting  the  place  in  the  mine  and  the  number  of  the  shots.  After 
inspection,  the  shot  firers  return  to  the  shaft  bottom.  Later^  after 
the  miners  have  all  left  the  mine,  they  fire  the  shots,  completing  their 
work  in  two  and  one-half  to  six  hours.  In  the  inspection  of  shots  they 
work  singly;  when  firing  they  work  in  pairs,  this  being  in  accordance 
with  the  working  agreement  between  the  operators  and  miners.* 
Firing  the  three  shots  in  a  room  at  the  same  time  is  commonly  prac- 
ticed, the  center,  or  "buster,'*  shot  having  a  shorter  fuse  thau  the  two 
rib  shots.  When  fij-ing  with  fuse  and  detonator,  the  fuses  are  all 
lighted  at  the  same  time;  with  battery  and  electric  detonator,  the 
shots  are  fired  one  at  a  time. 

As  shown  in  Table  1,  in  all  but  two  mines  the  shots  are  fired  by  fuse 
and  No.  6  detonators.  In  two  mines  electric  detonators  and  battery 
are  used.  In  firing  by  electricity  the  shot  firers  carry  about  110  feet 
of  duplex  No.  14  cable  and  a  firing  battery  that  can  fire  one  to  four 
holes.  This  system  offers  many  advantages  as  regards  safety  and 
efiiciency.    Some  of  these  advantages  are  as  follows: 

When  firing  is  done  by  detonator  and  fuse,  the  interval  of  time 
between  the  exploding  of  the  "buster"  shot  and  the  second  shot  is 
often  not  more  than  a  second  or  two.  The  first  shot  will  always  stir 
up  a  certain  amount  of  fine  dust  and  in  a  gaseous  mine  may  liberate 
some  gas,  and  if  the  second  shot  contains  an  excessive  charge  of 
explosive  and  is  poorly  and  insufliciently  tamped,  as  sometimes  hap- 
pens in  mines  even  under  the  closest  inspection,  a  "windy"  shot 
may  result.  With  electric  firing  such  a  condition  could  not  arise. 
There  can  be  no  "hang  fires"  and  there,  are  possibly  fewer  misfires, 
as  the  electric  detonator  gives  better  protection  against  wet  holes,  not 
being  easily  affected  by  moisture.  In  storage  and  use,  the  electric 
detonators  are  much  more  satisfactory  from  practically  every  point 
of  view  than  fuse  and  detonators.  The  electric  detonators  are  pre- 
pared ready  for  use,  and  can  be  tested  before  being  used  by  means  of 

a  See  pp.  07  to  90  for  State  law  and  working  agreement  between  operators  and  miners  relative  to  firing 
of  shots, 
b  See  pp.  07-08. 
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a  galvaQometer;  the  objections  to  crimping  are  overcome;  they  are 
not  so  liable  to  be  spilled  or  lost  as  the  ordinary  detonator;  a  bettep 
check  can  be  made  on  the  grade  of  detonators  used  and  the  use  of 
detonators  of  proper  strength  more  easily  enforced ;  their  use  elimi- 
nates flame,  as  in  lighting  fuse  or  as  in  the  ''side  spitting"  of  fuse,  and 
provides  for  firing  shots  in  a  desired  order,  li  the  "buster"  shot 
fails,  the  rib  shots  need  not  be  fired.  The  method  is  safer  and  more 
satisfactory  and  conforms  more  fuUy  with  the  requirements  for  the 
use  of  permissible  explosives. 

The  cost  of  electric  detonators  with  8-foot  iron-wire  leads,  at  normal 
prices,  is  3  cents  to  the  miner.  The  cost  of  fuse  is  about  one-half 
cent  per  foot;  detonators  cost  1  cent  each.  The  average  shot 
requires  about  5  feet  of«fuse;  hence  the  cost  to  the  miner,  with  the 
electric  detonators,  is  perhaps  slightly  less  than  when  fuse  is  used. 

Shot  firers'  wages  cost  the  operator  about  $0.0075  per  ton  of  coal 
mined  in  four  typical  mines  in  Franklin  County.  For  one  Mont- 
gomery County  mine  the  cost  is  about  $0,008  and  for  one  Saline 
County  mine  $0.0075.  The  cost  per  ton  for  shot  fibring  in  mines  using 
battery  and  electric  detonators  is  approximately  the  same  as  in  mines 
emplojring  shot  fijrers,  averaging  between  $0,007  and  $0.0075  per  ton 
of  coal.  The  shot  fijrers  are  paid  for  eight  hours'  work  at  a  uniform 
rate  of  58}  cents  per  hour. 

KUMBEB  OF   SHOTS   FIRED. 

The  total  number  of  shots  fiired  per  shift  in  the  19  mines  listed  in 
Table  1  is  about  4,400;  the  daily  average  per  mine  is  231.  The 
approximate  number  of  shots  fired  nightly  by  eacb  shot  firer  for ' ^fuse 
and  detonator"  mines  is  60;  for  '^battery  and  electric  detonator" 
mines,  56.  As  required  by  the  State  law,  a  notice  is  posted  at  each 
mine  at  the  end  of  each  shift  showing  the  number  of  shots  fired,  the 
number  not  fired  and  reasons  therefor,  and  the  mmiber  of  misfires. 
The  form  following  is  used: 
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SHOT  nBSBS  Honcs. 

(To  be  posted  in  a  coospioooiu  place  at  the  mine  immediately  after  the  oompletion  of  the  work  of  firing 

shots— Section  2,  Shot  Firers  Law.) 

Name  of  owner  or  operator  of  mine: Coal  Mining  Co.  No 

We,  the  undersigned  shot  firers,  have  this. day  of 191. . 

fired shots  in  this  mine.    We  have  also  refused  to  fire shots. 

The  shots  we  have  refused  to  fire,  and  our  reasons  for  not  firing  same,  are  as  foUowE: 


LOCATIOH. 


Rbasoms  tor  Not  FmiKO  Shot^. 


SHOTS  FAILING  TO  EXPLODE. 


Location. 


Location. 


Shot  Firer.  • Shot  Firer. 


Shot  Firer. 
Shot  Firer. 


Shot  Firer. 
Shot  Firer. 


.Shot  Firer. 
.Shot  Firer. 
Shot  Firer. 


From  the  records  examined  at  the  various  mines  it  was  evident  that 
some  shot  firers  required  more  strict  adherence  by  the  miners  to  rules 
than  others.  The  reasons  for  refusals  to  fire  shots  at  one  mine  during 
a  period  of  two  months  were  noted  as  follows:  Six,  not  properly 
snubbed:  four,  *'bug  dust''  not  loaded  out;  four,  crosscut  in  entry 
not  through;*  two,  oar  in  the  way. 

MISFIRES. 

The  proportion  of  misfires  in  the  mines  is  considerably  less  than 
1  per  cent.  The  records  at  one  mine  show  only  four  misfires  in  a 
period  of  three  months  and  the  firing  of  upwards  of  10,000  shots. 
At  another  mine  three  misfires  occurred  in  3,500  shots;  at  another, 
four  in  four  months,  or  25,000  shots.  The  usual  impression  is  that 
rarely  more  than  two  misfires  occur  in  one  night  at  any  one  mine. 
Some  data  on  misfiires  at  two  mines  are  given  in  the  following  tables: 


a  The  mining  law  states  tliat  not  more  than  three  shots  shall  be  exploded  at  one  shooting  time  ahead  of 
the  last  open  crosscut.    Bee  Appendix,  p.  90. 
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Record  from  one  mme  for  period  of  two  months^  detonaton  andfuee  ueed: 


Data. 

Ntunbar 

ofshota 

find. 

Misfins. 

Remarks. 

IMS. 

JmaBrr- 

4,821 
3,«0 

5 
8 

104,206  tons  of  ooal  was  produced  during  this  period,  or  8,000 
vw*9  for  eaoli  niiafln. 

FMirairy 

Tbtd 

8,811 

13 

Percentage  of  misflres,  0.16  per  cent. 

Doia  on  ehaU  fired  during  20  months  at  one  mine^  using  electric  detonators  and  battery 

system. 


Date. 


vm, 

Konmber. ...... 

Beoember 

1016 

JuDBy 

February. 

Maidi... 

agl:;:::::::;:: 


Number 

of  shoti 

fixed. 


6,408 
7,526 
7,073 
6,086 
6,443 
6,716 


7,024 
8,880 
4,187 
8,882 
1,878 


Number 

of  mis* 

fiiea. 


21 

6 
10 
10 

6 
14 


12 
7 
6 
5 
1 


Date. 


1016. 

7une. 

July 

Auxust 

September 

October 

November. 

December 

1016. 

January 

Februuy 

Total 


Number 

of  shots 

fired. 


3,060 
4,227 
4,146 
^046 
7,558 
5,827 
7,407 


6w756 
7;460 


112,566 


Number 
of  mis- 
fires. 


5 
9 
8 
10 
17 
14 
10 


20 
14 


221 


£aHrit.->PeioeDtace  of  misflres,  0.2  per  cent.  As  shots  are  fired  one  at  a  time  by  battery,  this  system 
affords  sn  actual  check  on  the  number  of  mlsftaes,  and  this  record  is  much  more  accurate  than  records 
with  ftise  and  detonator  system.  In  one  instance  three  shots  misfired  in  one  room  the  same  night;  in 
aootfaer,  two.  The  follawtng  reasons  tot  refbsals  to  fire  shots  are  given  in  the  shot  firers'  records  for  this 
ao^Donth  period:  Top  "working,"  44;  "bug  dust"  not  loaded,  28;  too  far  ahead  of  air,  16;  car  in  way  at 
iue,  14;  not  snubbed,  8;  place  falling  in,  6;  too  many  shots  ahead  of  air,  4;  "buster"  shot  lUled,  4;  hole 
"OQ  the  solid,"  8;  letanq^  holes  previously  fired,  8;  maffhfne  in  way,  8;  explosive  in  "buster"  hole  took 
fire  and  bomed,  remaining  holes  Dot  fired,  1;  detonator  wire  broke,  1;  no  prloMr  made,  1. 

PREYBNTION   OF  lOSFIBBS. 

Ilie  preTention  of  misfires  is  a  matter  of  interest  to  the  miner, 
both  from  safety  and  economy,  and  the  subject  should  receive  his 
careful  consideration.  The  explosive  with  which  he  is  suppUed 
should  be  in  good  condition  and  he  should  take  pains  to  keep  it  so. 
It  is  readily  understood  that  with  all  the  material  in  good  condition 
aud  the  shot  properly  arranged,  misfires  will  seldom  happen.  As 
previously  discussed,  proper  storage  of  fuse,  detonators,  and  explo- 
sive, careful  preparation  of  the  primer,  with  use  of  crimper  if  fuse 
find  detonator  are  used,  and  proper  chaining  of  the  drill  hole,  are 
eseentiaL 

A  few  examples  of  causes  of  misfires  investigated  during  the  past 
year  are  as  follows:  A  miner  had  been  carrying  detonators  loose  in 
his  pockets.  Possibly  some  tobacco  or  dust  lodged  on  the  fulminate 
of  the  detonator  and  prevented  the  "spit"  of  the  fuse  from  reaching 
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and  exploding  it.  Such  practice  is  inefficient  and  dangerous.  In 
another  instance  a  shot  that  misfired  had  been  charged  two  hours 
previously.  The  detonator  had  been  crimped  with  a  knife  and 
moisture  had  seeped  in.  In  another  the  fuse  was  broken  during 
tamping. 

Careleiss  storing  of  fuse  before  it  is  used  accounts  for  many  mis- 
fires and  hangfireS;  but  a  greater  number  result  from  carelessness  in 
handling  the  fuse  when  it  is  inserted  in  the  drill  hole.  The  large 
copper-tipped  iron  tamping  bars  ordinarily  used  in  Illinois  mines 
are  heavy,  and  the  fuse  is  often  crushed  between  the  edge  of  the 
heavy  bar  and  the  sides  of  the  drill  hole.  Rough  handling  may  break 
the  powder  train  or  so  damage  the  fuse  that  water  can  readily  enter 
it  if  the  hole  or  the  stemming  is  damp,  or  the  end  of  the  fuse  may 
lose  part  of  the  powder  train  and  give  a  chance  for  misfires.  The 
double-tape  fuse  is  much  better  than  cheaper  grades  because  it  will 
withstand  more  severe  handling  and  is  not  so  easily  crushed. 

Sometimes  the  end  of  the  fuse,  if  damp  from  being  exposed  to  the 
mine  air  or  from  lying  on  the  damp  bottom  for  a  considerable  time, 
can  be  inserted  in  the  detonator  only  with  difficulty,  and  the  miner 
is  unable  to  get  it  closer  to  the  fulminate  than  about  one-half  inch. 
In  that  event  the  copper  walls  of  the  capsule  containing  the  fulminate 
might  absorb  enough  heat  from  the  flame  so  that  it  would  not  ignite 
the  fulminate.  Fuse  in  good  condition  will  have  a  ^^spit"  at  least 
l}4  inches  in  length,  but  under  the  conditions  mentioned — £hat  is, 
damp  fuse  and  the  end  of  the  fuse  one-half  inch  from  the  fulminate 
composition — the  **spit''  may  be  reduced  to  a  quarter  of  an  inch  or 
less.  Even  if  the  end  which  has  been  exposed  to  moisture  is  left 
for  the  shot  firer,  it  may  "spit"  when  lighted,  bum  for  an  inch  or  so, 
and  go  out,  thus  giving  a  missed  shot. 

In  two  diflFerent  instances  of  shot  failiu*es  in  the  same  room,  the 
stemming  was  blown  out  but  the  charge  did  not  explode,  indicating 
that  old  explosive  or  weak  detonators  had  been  used,  as  a  box  of 
detonators  without  a  cover  was  foimd  in  this  room. 

An  instance  was  noted  in  which  fuse  had  been  stored  for  a  long 
period  in  a  warm,  poorly  ventilated  magazine,  and  the  heat  had 
caused  the  tar  composition  used  in  the  manufacture  of  the  fuse  to 
rim,  giving  a  black  color  to  the  fuse.  Much  handling  of  fuse  of  this 
character  might  cause  the  tar  composition  to  get  in  the  powder  train 
and  cause  a  misfire. 

COSTS  OF  PEUaSSIBLB  EXPLOSIVES  PEE  TOE  OF  COAL,  AED 

SIZES  OF  COAL  PEOBUCED. 

Table  1  shows  that  the  highest  average  production  of  coal  per 
25-poimd  box  of  explosive  for  a  period  of  one  year  in  any  of  the 
mines  listed,  including  aU  room  and  entry  work,  is  215  tons;  the  lowest 
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is  107  tons.  As  the  mines  listed  include  mines  in  various  stages  of  de- 
velopment and  others  fully  developed,  a  fair  average  can  be  obtained. 
The  average  production  for  18  mines  is  147  tons  per  25-pound  box  of 
explosive.  The  average  cost  of  explosive  per  ton  of  coal  produced, 
with  explosive  selling  at  $2.45  per  box,  is  therefore  $2.45 -^  147  « 1.7 
cents,  tiie  cost  varying  from  the  lowest  figure,  $2,454-215  =  1.14 
cents,  to  the  highest,  $2.45  -i- 107  »  2.3  cents.  To  thtoe  figures  must  be 
added  the  cost  of  fuse  and  detonators  per  ton  of  coal,  which  averages 
0.25  cent  for  fuse  and  0.1  cent  for  detonators.  These  averages  for 
fuse  and  detonators  are  obtained  from  data  on  five  typical  mines,  as 
follows: 

Data  on  number  of  deUmators  med  and  production  at  five  mines  for  period  of  ime  year. 


MJne. 


No.1. 
Na2. 
Nq.3. 


No.  4.. 
No.5., 


Totel. 


Yev  ending- 


Mar.  81,1915 

do.. 

Dec  31, 1914 

do.. 

Mar.  31,1916 


Nomber 

ofdetooa- 

tOTBuaed. 


86,800 
65,600 
46,700 
21,300 
50,300 


220,300 


Number 

of  tons 

produced. 


420,613 
687,350 
568,127 
291,351 
628,930 


2,441,879 


Production  per  detonator  used tons. .  11 

Production  per  foot  of  fuse  used do —  2 

Average  length  of  fuse  per  detonator  used feet. .  5} 

Average  cost  of  detonators  per  ton  of  coal  (detonators  at  1  cent 

each) 10.0010 

Average  cost  of  fuse  per  ton  of  coal 0025 

.0035 

Adding  to  this  the  average  cost  of  explosive  per  ton  of  coal  pro- 
duced, 0.017  cent,  gives  an  average  total  cost  of  $0.0205. 

In  one  mine  using  electric  shot  firing,  during  a  period  of  14  months 
ended  June  30, 1915, 50,100  electric  detonators  were  used.  The  pro- 
duction was  858,365  tons ;  the  production  per  electric  detonator  used 
was  17  tons;  and  the  average  cost  of  electric  detonators  per  ton  of 
coal  produced,  $0.0018.  On  the  basis  of  these  figures,  the  cost  for 
dectiic  detonators  is  $0.0018,  as  compared  with  fuse  and  detonator 
at  $0.0035.  The  use  of  electric  detonators  is  therefore  cheaper  for 
the  miner.** 

The  foregoing  figures  include  general  mine  averages.  Data  on 
results  of  shots,  taken  at  random  from  typical  mines,  in  rooms  and 
entries  are  given  in  Table  3.  This  table  shows  that  the  average  cost 
of  fuse  and  detonators  per  ton  of  coal  in  rooms  with  normal  prices 
prevailing,  was  $0,002;  with  electric  detonators  the  cost  was  $0.0017. 

«  The  oort  of  detooaton  and  electric  det<natQnincrauedabaat  50  per  cent  in  1916  tl^       tbe  increased 
donand  for  explodTei. 
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In  entry  work  the  average  cost  for  fuse  and  detonators  at  two  mines 
was  S0.0039,  and  for  electric  detonators  at  one  mine  was  $0.0033. 
This  table  also  shows  that  the  average  production  was  209  tons  of 
coal  per  25-pound  box  of  explosives  in  rooms,  or  the  cost  of  explo- 
sives per  ton  of  coal  was  1.1  cents.  In  some  rooms  a  production  of 
300  tons  per  25-pound  box  of  explosive  was  obtained.  The  average 
production  in  entries  was  104  tons  per  25-pound  box,  the  explosive 
cost  per  ton  of  coal  being  2.4  cents.  It  is  felt  that  on  the  average 
the  miner  in  rooms  can  easily  obtain  200  tons  of  coal  per  25-pound 
box  of  explosive  at  a  cost  of  less  than  1.5  cents  per  ton  of  coal  pro- 
duced, including  fuse  and  detonators. 

Additional  data  on  the  cost  of  explosives  per  ton  of  coal  produced 
from  a  test  with  two  brands  of  permissible  explosives  at  one  mine 
are  as  follows: 

ButdU  of  tests  of  two  permissible  explosives  at  one  mine. 


Permissible  explosive  used. 

Number 

of  places 

shot. 

Average 

depth  of 

holes. 

Explosive 
used. 

Total 
cost. 

Coal 
produced. 

Cost  per 
ton. 

CoalDTo- 
duoea  per 
25-poaiid 
box  ex- 
plosive. 

No.l 

4 
4 

Ft.  in. 
5    10 
5    11 

Poundt. 
19.9 
18.5 

SL95 
L81 

Tona. 

145.15 

147.40 

Sa0134 
.0123 

Tons. 
182 

No.2 

200 

Average. ..-r .... r  ....  . 

.0138 

191 

The  percentages  of  different  sizes  of  coal  produced  with  the  use  of 
permissible  explosives  at  ten  mines  in  Franklin  county,  the  coal 
being  screened  over  shaking  screens  with  roimd  holes,  were  as 
follows: 

Sizes  of  coal  produced  with  permissible  explosives  in  10  mines. 


Mine  No. 


1 

2 

3 

4 

5 

8 

7 

8 

9 

10 

Average 


Lump, 
6  inches 
in  diam- 
eter. 

3  to6 
inches  in 

Nut, 

2  to  3 

inches  in 

Screen- 
ings, 2 
inches  in 

diam- 

diam- 

diam- 

eter. 

eter. 

eter. 

Percent. 

Percent. 

Percent, 

Percent. 

18.22 

19.77 

10.96 

51.05 

22.08 

20.40 

12.52 

45.00 

18.00 

22.15 

10.50 

49.36 

22.00 

14.00 

16.00 

48.00 

17.00 

23.00 

12.00 

48.00 

27.34 

20.29 

11.91 

40.46 

24.14 

20.67 

12.60 

42.50 

22.05 

21.62 

11.86 

44.47 

23.44 

20.43 

9.28 

46.85 

21.73 

17.42 

10.65 

50.20 

21.60 

19.97 

11.83 

46u60 
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COSTS  OF  EXPLOSITX  PEK  TON. 

Comparative  data  on  the  cost  of  explosives  per  ton  of  coal  and 
the  sizes  of  coal  produced  from  all  the  mines  were  not  obtainable, 
owing  to  the  fact  that  the  different  mines  were  using  both  permis- 
sible explosives  and  black  blasting  powder,  or  were  shooting  off  the 
solid  and  also  Tnjtiing  by  machines  at  the  same  time.  Some  mines 
changed  from  shooting  off  the  solid  with  black  blasting  powder  to 
machine  mining  and  permissible  explosives;  other  mines  have  used 
permissible  explosives  exclusively  and  have  no  data  on.  black  blasting 
powder.  Changes  in  methods  of  preparation  of  coal  have  also  been 
made. 

A  few  typical  comparisons  of  the  relative  productive  values  of 
black  blasting  powder  and  permissible  explosives  are  as  follows: 

we  production  o/eotU  with  < 
md  pennittibU  expIo*ive 

BLACK  BLASTING  POWDER. 


_ 

Coal 
produced. 

powder. 

Outn  jm 

to,  Tit 

io;a70 

430 

i»,oie 

7M 

^.'      -1 

-  PERMISSIBLE  BXPLOBIVK. 

.j  ~B8,I18 

boiaal 

■ssr 

pkiiv.. 

S 

> 

as 

» 

The  above  figures  show  a  production  of  two  tons  to  one  in  favor  of 
permissible  explosives  with  the  use  of  equal  amounts  of  explosiTe. 
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The  average  production  per  unit  of  explosive  for  a  period  of  one 
year  at  five  mines  which  changed  from  black  blasting  powder  to  per- 
missible explosives  is  as  follows: 

Average  production  at  five  mines  with  black  blasting  potvder  and  permissible  explosivet,. 


ICineNo. 

Tons  pre- 
Tiously 

produced 

per  25- 

pound 

keg  of 

black 

blastizig 

powder. 

Tons 
produoed 
per  25- 
pound 
box  of 
permissi- 
ble ex- 

plOBlTB. 

1 

W 

100 

85 

68 
131 

130 
202 

128 
107 
215 

2 

3 

4 

5 

Avenge 

05 

156 

Ratio       

1 

1.6« 

Exploflives  cost  per  ton  of  coal  produced  with  black  blastiiig 
powder  at  11.75  per  25-pound  keg $0.0184 

Exploflives  cost  (including  detonators)  per  ton  of  coal  produced 
with  permissible  explosive  at  $2.45  per  25-pound  box 0167 

The  above  data  include  mines  in  Franklin,  Saline,  and  Mont- 
gomery Counties  and  are  representative  of  the  comparative  production 
by  black  blasting  powder  and  permissible  explosives  in  mines  in 
which  the  physical  character  of  the  coal  differs  considerably. 

Data  available  from  an  early  test  in  determining  the  price  to  mineiB 
for  permissible  explosives  in  Franklin  County  mines  in  1910  are  given 
as  follows: 

Data  on  shots  with  black  blasting  powder  and  a  permissible  explosive. 


Place  where  shot  was  fired. 


Shots  with  black  blasting 
powder. 


Shots  with  a  permissible 
explosive. 


«NW. 
4  8W. 
4  8W. 
2NW. 
2NW. 


Entry. 


Boom. 


Nmnber 
of  shots. 


6.. 
18. 
25. 
8.. 
4.. 


3 
S 
8 
8 
8 


Total. 


15 


Average  per  shot 

Coal  produoed  per  pound  of  explosive.. 
Tons  of  coal  per  25-pounds  of  eiq>Io6ive . 


Quantity 
of  explo- 
sive. 


Lbi,  oz. 


4 

e 

6 
7 
6 


13 
7 
8 
4 

10 


30    10 


2     I 


Coalpro- 
dnoed. 


Nnmber 
of  shots. 


Tont, 
31 
43 
36 
89 
88 


8 
8 
8 
8 
3 


187 


15 


12.5 

6.2 

155. 0 


Quantity 
of  explo- 
sive. 


£te.  OS. 

8    14 

ra 

3     8 
8    13 


18     4 


1     8.5 


Coal  pro- 
duoed. 


rent. 
22 
82 
88 
41 
40 


173 


1L6 

8.6 

287.6 


Ratio  of  production  per  pound  of  explosive:  Black  powder,  1;  penmaBibleezplosiye, 
1.53.  If  the  shots  in  room  5,  entry  5  NW,  in  which  the  permissible  explosiye  did  not 
produce  its  full  amount  of  coal,  be  eliminated,  then  for  12  shots  in  four  rooms  the  relar 
tive  production  is— black  powder  1,  permissible  explosive  1.75. 
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The  records  show  that  in  three  instances  some  work  was  necessary 
to  obtain  all  the  coal  from  the  shots  with  the  permissible  explosive, 
but  on  the  whole  the  results  were  satisf actoiy. 

The  results  of  a  test  at  one  mine  with  black  powder  and  three 
brands  of  permissible  explosives  by  the  joint  State  powder  conmiis- 
sion  were  as  follows: 

Remits  of  tesU  with  black  blasting  powder  and  three  brands  of  permissible  explosives. 


Ezplodve. 


Black  blBsting  powder. 
Femnssfble    explosive 

No.1 :. 

Permissible    explosive 

No.2 :. 

Ptrniisrible    explosive 

No.3 :. 


Nam- 
berof 
places 
shot. 


4 

12 
15 
15 


Quantity 
of  ex- 
plosive 
used. 


Poundt. 
29.50 

54.75 

67.25 

72.75 


Number 

of  squibs 

used. 


12 
None. 
None. 
None. 


Length 
of  fuse 
used. 


Fed. 


233 
240 
250 


Num- 
ber of 
detona- 
tors 
used. 


35 
42 
44 


Total 
cost  of 
explo- 
sive. 


S2.06 
6.83 
8.21 
8.82 


Amount 

ofooal 

pro- 

dooed. 


T&nt. 
191-3 

525- 

624- 

629- 


Cost 
per  too 

of 
ooal. 


to.  0108 
.0130 
.0131 
.0140 


Prodoo- 

tion 
per2S 
pound 
box  ex- 
plosive. 


Ton*. 
102 

240 

232 

216 


The  average  production  with  the  three  permissible  explosives  was 
228  tons  per  25-pound  box.  The  ratio  of  production  was:  Black 
powder,  1 ;  permissible  explosive,  1.4.  This  ratio  has  been  consider- 
ably improved  since  permissible  explosives  came  into  general  use  at 
this  mine. 

Data  from  the  annual  coal  reports  of  the  State  mining  board  show 
an  average  production  of  116  tons  of  coal  per  25-poimd  keg  of  black 
blasting  powder  for  a  three-year  period  at  the  above  mine,  including 
rooms  and  entries.  The  average  production  per  25-poTmd  box  of 
permissihle  et3||>lo8ives  is  215  tons.  The  ratio  of  production<|^  unit 
of  black  blfisinag  powder  to  permissible  explosives  is  therefo^^  1  : 1 .85. 

A  test  by  tj^e^pewder  commission  at  another  mine  gave  the  following 
results:        _[ 

Results  of  tests  at  another  mine. 


Explosive  and  place. 


Black  blutiiu^  powder: 

Booms 

Entries. 

Permissible  explosive: 

Rooms 

Entries. 


Number 

of  places 

shot. 


5 

4 

5i 

4 


Averue 
len^ 
of  bole. 


Ft.  in. 

6  6 

5  6 

_fi  5 

5  8 


Quantity 
of  explo- 
sive used. 


Lb.  oz. 

67  5 

86  11 

32  0 

16  15 


Length 
of  fuse 
used. 


Ft.  in. 

n  0 

34  10 

79  6 

44  10 


Tons  pro- 
duced. 


Tont.att. 
243    19 
71      8 

220      2 
62    15 


Cost  per 
ton. 


o  10. 0164 
a. 0870 

h.0l32 
e.0297 


a  Does  not  Include  cost  of  fuse. 

fr  Add  A  c^nt  per  ton  for  detonators. 

e  Add  i  cent  per  ton  for  detonators. 

Price  of  black  blaating  powder,  11.75  per  25-pouiid  keg;  permisBible  explodve,  12.45 
per  25-pound  box.  Ratio  of  production  with  black  blasting  powder  to  productioii 
with  penniflnble  explosiTe:  In  roomsy  1 : 1.6;  in  entrieB,  1 : 1.9. 
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The  figures  of  the  test  show  that  the  cost  for  explosives  per  ton  of 
coal  produced  in  entries  is  practically  double  that  in  rooms.  The 
previous  average  at  this  mine  was  68  tons  per  25-poimd  keg  of  black 
blasting  powder.  The  present  average  with  the  permissible  explosive 
used  is  107  tons  per  25-pound  box.  The  permissible  explosives,  there- 
fore, produce  1 .6  times  as  much  coal  per  unit  as  black  blasting  powder, 
which  closely  bears  out  the  figures  of  the  first  test. 

With  black  blasting  powder,  at  $1.75  per  25-pound  keg,  and  per- 
missible explosive,  at  $2.45  per  25-pound  box,  permissible  explosive  is 
considerably  cheaper  for  the  miner  on  the  basis  of  cost  of  explosives 
and  detonators  ^  per  ton  of  coal  produced. 

Data  by  Andros  ^  give  for  43  machine  mines  in  Illinois  using  black 
blasting  powder,  a  powder  cost  of  2.1  cents  per  ton  of  coal;  and  for  34 
mines  in  which  shooting  from  the  solid  is  practiced,  a  powder  cost  of 
8.3  cents  per  ton  of  coal. 


RELATIVE   SIZES  OF  GOAL. 

A  few  typical  comparisons  of  the  sizes  of  coal  produced,  from  data 
obtained  at  various  mines,  are  as  follows: 

The  sizes  of  coal  produced  in  one  mine  for  two  consecutive  months 
in  1912  with  black  blasting  powder  are  as  follows: 

Production  with  black  blasting  powder  for  two  months  in  1914' 


BlsaofooaL 


Amoant  prodnoed 
during— 


First 
month. 


Second 
month. 


3to6inch«gK--- 
2to3inohxml... 
2-inch  screenings 

Total 


Perceni. 
30 

1    7 
51 


Per  cenL 
19 
19 
14 
48 


Percent. 
19.5 
20.5 
10.5 
40.5 


100 


100 


loao 


The  production  in  the  same  mine  for  three  consecutive  months  with 
permissible  explosives  in  1914  was  as  follows: 


Production  with  permissible  explosives  for  three  months  in 

1914. 

« 

Amount  produced  during— 

SIseoCcooL 

First 
montlL 

Second 
month. 

Third 
month. 

Avenge. 

4-inch  Ininp. . .  - . . .  ^ ,  - .  - .  .  r .  

Percent. 

30 

24 

6 

60 

Percent. 

19 

38 

6 

60 

Percent. 

17 

24 

9 

60 

Percent. 

i&r 

3  to  0  inch  egg 

24.7 

2  to  3  inch  nut 

6k6 

3-inch  flcreenincs 

50.0 

Total 

100 

100 

100 

loao 

a  The  cost  of  detonators,  as  shown  on  p.  67,  is  approximately  0.1  cent  per  ton  of  coal  produced,  and  is 
very  low  hecause  a  large  production  of  coal  is  gained  per  shot.  The  average  cost  in  some  rooms  is  not 
more  than  0.07  cent  per  ton  of  coal  produced. 

ft  Andros,  B.  O.,  Coal  Hintaig  hi  Illinois,  Bull.  13,  Coal  Mining  Investigstians,  1916,  pp.  UO,  132. 
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This  shows  that  comparatively  as  good  results  are  obtained  with 
peimissible  explosives  and  that  the  slight  decrease  in  the  proportion 
of  6-inch  lump  is  offset  by  increase  in  the  egg  sizes  with  little  increase 
in  screenings. 

Hie  results  at  another  mine  were  as  foUows: 

Rdative  sizes  obtained  at  one  mine. 


Lump, 

11  &0 
inoh. 

Screen- 
li-faick 

* 

18.85 
12.40 
12.04 
11.71 
11.00 

40.88 
47.04 
47.06 
40.32 
40.01 

ao  77 

Tidd  with  rermnsfble  exDlosIves  for  week  endins  Auk.  15. 1014 

80.67 

Yidd  with  permissfble  exDloeiyes  for  week  endinc  I>ec.  12. 1014 

40.01 

Yield  with  pennissfble  exploslTes  for  period  of  Jan.  1-16, 1016 

41.07 

Avanige  for  4  weeks 'vnth  perxnissiDle  explosives 

41.10 

This  showing  is  favorable  for  permissible  explosives.  The  results 
at  another  mine  during  the  last  year  of  using  black  blasting  powder 
and  the  first  year  of  using  permissible  explosives  were  as  follows: 

Comparative  reetdtsfor  periods  of  one  year  each. 


StteofooaL 


Lamp,  O-lnch 

Eg^  3  too  inch.. 
Mat,2to8inch... 
8cneDing9, 3-liich 


Last  year 

ofusmg 

black 

powder. 


Percent. 
24.10 
10.28 
10.60 
4a  08 


First  year 
ofusmg 


mudb 


hie. 


Percent. 
20.41 
21.20 
12.88 
45.42 


The  comparison  above  represents  perhaps  the  maximum  increase 
in  screenings  due  directly  to  the  use  of  permissible  explosives.  A 
small  amount  of  pillar  coal  is  included  in  the  percentages  for  per- 
missible explosives. 

One  of  the  latest  mines  in  which  the  use  of  permissible  explosives 
lias  been  substituted  for  black  blasting  powder  reports  excellent 
results  both  in  cost  of  explosive  to  the  miner  and  sizes  of  coal  pro- 
duced. The  cost  of  explosives  to  the  miner  has  been  reduced  prac- 
tically 50  per  cent,  and  the  proporticin  of  larger  sizes  of  coal  hasr^doti 
increased.  Records  kept  for  a  two-month  period  show  a  decrease 
of  3i  per  cent  in  the  amount  of  l|-inch  screenings. 

It  is  generally  agreed  that  the  use  of  permissible  explosives  may 
give  slightly  more  screenings  than  the  use  of  black  blasting  powder, 
but  the  results  obtained  have  been  convincing  proof  that  under  favor- 
able conditions  the  increase  in  proportion  of  screenings  from  using 
permissible  explosives  can  be  kept  at  a  low  figure.  The  increase  at 
the  majority  of  these  mines  ranges  from  nothing  to  1  or  2  per  cent, 
with  a  mATJinnni  of  5  per  cent.    As  the  miner  is  paid  on  the  mine- 
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run  basis,  he  has  no  special  incentive  to  produce  lump  coal;  hence 
these  figures  may  be  accepted  as  the  results  obtained  from  the  use  of 
permissible  explosives  under  regular  working  conditions  without  an 
attempt  to  obtain  a  maximum  amount  of  lump  coal. 


THE   DEMAND  FOB  THE  DIFFERENT  SIZES. 

The  preparation  of  a  great  number  of  sizes  of  coal  is  necessary  at 
Illinois  mines  to  meet  the  market  demands.  Most  of  the  mines 
where  permissible  explosives  are  used  are  equipped  to  load  eight 
to  ten  sizes  of  coal.  At  one  mine  equipment  was  provided  to  load 
17  sizes  of  coaly  as  shown  in  the  following  table: 

DaJUi  on  equipment  for  loading  17  sizes  of  coal. 


Ntxmber  of  oombina- 
ticn. 


2.. 
3.. 
4.. 
6.. 
6.. 
7.. 
8.. 
9.. 
10. 
U. 
12. 
13. 

14. 

16. 


Track  1. 


Kind  of 
coal. 


Lump... 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 


SiMOf 

coal. 


Inches. 


2 
6 

li 

2 

6 

3 

6 

6 

2 

3 

6 

3 

6 
6 


Tiack  2. 


Kind  of 
coal. 


Egg. 


Egg. 

Egg. 
...do. 


Egg. 


Mfflenm 


Size  of 
coal. 


Inches. 


2by« 


2by6 

8  by  6 
Uby6 


3  by  6 


3  by  6 
6 


Track  3. 


Kind  of 
coal. 


Nut. 
...do. 


Nut. 
. .  .do. 
...do. 
...do. 


Nut.... 
...do.... 
Screen- 
ings. 
...do.... 


Siseof 
coal. 


Indus. 


I 


by  2 
by  2 


l*by2 
1  by2 
IbyS 
llbya 


2  by  3 

2by3 

3 

3 


TnOL  4. 


Kind  of 
ooal. 


Screen- 
ings. 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

...do 

...do.... 


Size  of 
coal. 


Inches. 


\ 


1 

1 

!;■ 
1 

? 

2 
2 


Very  little  run-of*mine  coal  is  shipped  from  the  mines.  As 
noted  on  page  68  the  proportion  of  liunp  coal  and  screenings  produced 
at  10  of  the  mines  xmder  discussion  averages  53.4  per  cent  lump 
and  46.6  per  cent  of  2»inch  screenings.  The  demand  for  these  sizes 
is  variable.  During  a  part  of  the  year  the  markets  require  the 
larger  sizes  of  coal,  which  command  a  higher  price  than  screenings; 
therefore,  it  is  of  interest  to  the  operator  to  produce  at  such  times 
Bw^u^e  a  percentage  as  possible  of  these  larger  sizes.  The  greatest 
demand  for  lump  coal  probably  comes  in  the  late  summer  and  in 
the  fall  and  winter,  with  a  consequent  rise  in  prices  during  these 
periods.  It  is,  however,  necessary  to  produce*  screenings  in  the  pro- 
portion noted  above  whenever  lump  coal  is  produced;  therefore,  the 
price  of  screenings  tends  to  be  lower  during  the  periods  when  the 
price  of  lump  coal  is  highest. 

The  demand  for  screenings,  which  comes  largely  from  steam  power 
plants,  is  more  nearly  constant  during  the  whole  year;  consequently 
the  mines,  to  meet  the  demand  for  screenings,  must  in  the  spring 
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and  summer  months  produce  lump  coal  for  which  there  is  little 
demand.  This  may  necessitate  for  certain  periods  crushing  of  the 
lump  coal  produced.  During  the  spring  of  1915  one  company  crushed 
400  tons  of  6-inch  lump  daily  for  a  time^  and  other  companies  are 
considering  the  installation  of  machinery  for  crushing  coal  during 
the  spring  and  summer  months.  During  the  previous  winter,  how- 
ever,  some  companies  were  forced  to  store  their  screenings  in  piles 
at  the  mines  when  the  greatest  demand  was  for  the  larger  sizes; 
then  when  the  demand  for  lump  coal  fell  off  and  that  for  screenings 
continued  steady,  steam  shovels  were  employed  to  load  the  screen- 
ings, while  thousands  of  tons  of  lump  loaded  on  cars  waited  for  a 
market. 
In  this  connection  Weeks  states  **  that — 

Under  present  conditionB  (spring  of  1915)  it  matters  but  little  whether  we  are  able 
to  prodace  20  or  40  per  cent  of  screeningB  or  SO  or  eo  per  cent  of  larger  sLzes;  there 
arises  daily  the  necessity  to  reduce  prices  on  one  or  more  sizes  to  prevent- congestion 
at  the  mines. 

The  demand  for  small  prepared  coal  and  for  screenings  has  been 
increasing  year  by  year.  This  demand  and  the  high  price  obtained 
for  the  nut  sizes,  which  are  taken  from  the  screenings,  as  a  domestic 
fuel  is  at  some  of  these  mines  a  factor  that  increases  the  relative 
value  of  the  fine  sizes,  greatly  prolongs  the  period  in  which  it  may 
pay  to  produce  the  smaller  coal,  and  assists  to  maintain  a  better 
balance  in  the  value  of  the  whole  product.  Owing  to  these  varying 
demands  it  is  difficult  to  form  a  correct  basis  for  computing  how 
much  a  possible  small  increase  in  screenings  from  the  use  of  permis- 
sible explosives  might  effect  the  average  value  of  the  mine  output. 

Taking  the  average  price  of  lump  coal  over  2-inch  screens  as  $1.48 
and  the  average  price  of  2-inch  screenings  as  $0.73,  as  representa- 
tive of  Franklin  County  market  prices  *  for  the  years  1913  and  1914, 
the  difference  in  value  per  ton  is  $0.75,  and  consequently  each  in- 
crease of  1  per  cent  of  screenings  decreases  the  value  of  the  product,  in 
temis  of  mine-run  coal,  three-fourths  of  a  cent  per  ton. 

Although  it  is  d^ired  that  the  largest  possible  production  of  the 
larger  sizes  be  maintained,  the  feeUng  prevails  among  the  operators 
that  the  advantages  of  permissible  explosnkaes  make  theift-use  eco- 
nomical even  with  a  slight  increase  in  th^^toportion  of  sbn^nings. 
Hence  the  present  problems  do  not  include  considerations  of  a  return 
to  the  use  of  black  blasting  powder,  but  possible  ways  and  means  of 
improving  the  results  obtained  with  permissible  explosives.  Such 
it^ns  are  discussed  in  a  following  chapter. 

•  Weeks,  H.  W.,  The  InflaenGe  of  size  on  the  cost  of  making  steam:  The  Black  Diamond,  Mar.  20, 1916, 
Pi  233. 

*  Holbnnk,  £.  A.,  Dry  preparation  of  bituminous  coal  at  nUnols  mines:  Bull.  88,  Eng.  Exp.  Station, 
UnivenityorilUDais,  1916,  p.  70. 
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FAOTORS  AFFBCTINO  COST  OF   BZPLOSIVB8  FBR  TON  OF  GOAL 

AND  BSZEB  OF  COAI<  P&ODTTOBD. 

There  are  a  number  of  factors  that  influence  the  cost  of  explo- 
sives per  ton  of  coal  and  the  sizes  of  coal  produced.  It  is  difficult 
to  explain  the  differences  in  the  results  obtained  at  the  various 
mines,  for  these  factors  may  vary  in  different  parts  of  the  same 
mine.  In  general  they  may  be  summarized  as  follows:  (1)  Physical 
structure  of  the  coal  and  roof,  (2)  extent  of  undercutting  and  snub- 
bing, (3)  methods  of  use,  (4)  order  of  firing  shots,  and  (5)  width  of 
workings. 

FHTSICAL  STRUC5TURB  OP  THE  COAL   AND  ROOF. 

Conditions  favorable  and  unfavorable  to  shooting  down  coal  are 
usually  indicated  in  the  production  of  coal  per  unit  of  explosive 
used.  The  tliiokness  of  the  bed,  its  cleat,  friability,  the  nature  of  the 
roof,  and  impurities,  such  as  shale  or  '^sulphur"  bands  and  irregulari- 
ties, all  affect  blasting.  Other  conditions  being  equal,  the  thicker  the 
coal  the  greater  is  the  production  per  unit  of  explosive.  The  No.  6 
bed  has  certain  characteristics  which  tend  to  affect  the  ease  of  min- 
ing, such  as  the  absence  of  definite  cleat,  and  the  variation  pre- 
sented in  the  three  distinct  benches — the  brittle  top  coal,  the  some- 
what stronger  middle  bench,  the  ''blue  band"  parting,  and  the  firm 
and  hard  bottom  coal.  The  average  production  per  unit  of  explo- 
sive in  coals  No.  5  and  6  is  not  in  proportion  to  the  thickness  of  the 
beds.  In  Tnining  the  No.  6  coal  the  top  layer  of  coal  is  left  for  roof 
and  the  parting  is  not  so  free  as  the  more  pronounced  roof  separa- 
tion of  the  No.  5  coal  in  Saline  County.  This  is  especially  true  where 
the  roof  is  a  light-oolored  shale,  for  then  the  parting  is  very  distinct 
and  the  coal  breaks  away  freely.  The  cleat  in  No.  5  coal  in 
Saline  County,  is  probably  more  pronounced  than  in  the  No.  6  coal 
anywhere  in  the  State.  Consequently  where  No.  5  coal  has  its 
maximimi  thickness  the  production  per  unit  of  explosive  is  slightly 
higher  than  the  average  for  No.  6  coal. 

As  to  friability,  these  coals  are  regarded  as  being  somewhat  stronger 
and  firmer  than  the  itvj^jrage  bituminous  coals  and  they  withstand 
shipmwt  well.  Testa^to  determine  breakage  due  to  handling  tend 
to  show  that  Illinois  coals  shot  by  permissible  explosives  are  not 
affected  materially  by  handling  as  compared  with  the  same  ooab  shot 
by  black  blasting  powder.  Especially  in  the  e^  and  nut  sizes  these 
coals  are  firm  and  hard  and  suffer  little  loss  from  breakage  in  ordi- 
nary handling. 

In  certain  mines  in  the  No.  6  bed,  where  limestone  closely  overlies 
the  coal  with  2  to  8  feet  of  shale  intervening,  the  top  coal  is  not  left 
up,  but  is  often   unusually  hard   and  contains   many  bands  of 
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'*rock"  and  ''sulphur."  Suoh  bands  affect  both  the  cost  of  min- 
ing and  the  sizes  produced,  because  greater  explosive  force  is  required 
to  break  the  coal  and  in  the  removal  of  impurities  the  coal  under- 
goes further  breakage.  Often  ''sulphur"  bands  or  "rolls"  are  en- 
countered in  drilling  and  the  miner  is  compelled  to  shoot  a  short  hole 
with  possibly  unsatisfactory  results  and  at  increased  cost. 

Plates  YII  and  VIII  show  the  No.  6  coal  after  being  shot  down 
with  permissible  explosives  in  typical  mines  in  Franklin  County. 

UNDEBCUTTING   AND  SNUBBING. 

Table  1  (p.  22)  shows  that  the  average  depth  of  undercutting  by 
chain  machines  in  the  18  mines  listed  is  6  feet,  with  a  maximum  of 
7  feet  and  a  miTiiTniiTn  of  5  feet.  The  average  depth  of  undercutting 
by  pmicher  machines  is  4.75  feet.  As  the  amount  of  explosive  used 
in  practice  is  not  proportional  to  the  depth  of  the  drill  hole  or  the 
depth  of  undercutting,  it  would  appear  that  the  production  of  coal 
per  imit  of  explosive  tused  should  be  slightly  increased  for  the  deeper 
undercutting.  Undercutting  6  to  7  feet,  with  adequate  '^snubbing/' 
has  in  most  mines  been  found  satisfactory.  The  undercutting  is 
always  done  in  the  coal. 

The  saving  of  explosive  by  proper  undercutting  is  too  often  over- 
lookedy  although  the  advantage  gained  by  giving  the  explosive  the 
best  possible  chance  to  work  can  clearly  be  measured  by  the  results 
obtained.  If  the  coal  is  not  ''snubbed/'  it  may  rest  rather  firmly 
on  the  bottom^  so  that  extra  work  is  required  to  release  it;  and  if 
nndercutting  is  incomplete  and  small  soUd  blocks,  coal  sprags,  or 
cuttings  are  not  removed  from  imdemeath,  the  shot  can  not  prop- 
erly do  its  work  and  a  part  of  the  advantage  of  undercutting  is  lost. 
The  explosive  force  follows  the  lines  of  least  resistance  and  can  do 
only  a  certain  amount  of  work. 

Some  machine  men  do  not  finish  the  undercutting  square  with  the 
rib  when  using  the  short-wall  machine  The  machine  is  pointed 
into  the  rib  at  the  back  of  the  cut  and  then  withdrawn  at  an  angle. 
This  prevents  placing  the  rib  hole  to  advantage,  and  as  a  result 
the  left  rib  will  break  in  a  '^zigzag ''  fashion.  The  miner  in  endeavor- 
ing to  maintain  a  straight  rib  will  angle  the  hole  in  toward  the  soUd 
coal;  extra  explosive  is  required  and  the  results  are  less  satisfactory. 

Data  from  two  mines,  shown  in  Table  3,  give  a  proportionately 
larger  production  per  tmit  of  explosive  with  the  7-foot  machine  as 
compared  with  the  6-foot  machine.  In  some  instances  less  explosive 
was  used  after  a  7-foot  machine  than  after  a  6-foot  machine  in  rooms 
on  adjoining  entries.  The  miners  noted  no  difference  in  the  work  of 
loading  out  the  coal.  It  is  thought  that  the  7-foot  cut  is  the  maximum 
for  good  results  in  this  field. 


78  USE  OF  PERMISSIBLE  EXPLOSIVES  IN  ILLINOIS. 

The  method  of  snubbing  back  half  the  distance  of  the  under- 
cutting is  a  good  one.  At  some  mines  hand  snubbing  is  rather  difficult 
but  for  the  most  part  the  coal  is  suitable  for  snubbing  and  is  easily 
broken  down  in  slabs.  Often  the  bottom  layers  of  coal  immediately 
above  the  undercut  will  break  down  from  the  weight,  thus  assisting 
snubbing.  Snubbing  benefits  both  the  miner  and  the  operator.  It 
is  to  the  miner's  advantage  because  it  saves  explosive  and  makes  the 
work  of  obtaining  the  coal  easier.  Usually  the  face  breaks  at  an 
angle,  with  the  top  projecting  out  2  feet  farther  than  the  bottom. 
When  snubbing  is  properly  done,  the  coal  when  shot  falls  forward 
and  rolls  over,  thus  giving  the  miner  the  same  advantage  as  in  loading 
after  puncher  machines.  As  there  is  usually  a  differential  in  the 
rates  for  loading  after  chain  machines  and  after  puncher  machines, 
and  as  coal  mined  with  chain  machines  and  snubbed  presents 
practically  the  same  conditions  as  coal  undercut  with  puncher 
machines,  the  miner  can  consider  that  he  is  being  paid  for  snubbing 
at  the  rate  of  the  number  of  tons  of  coal  loosened  per  round  of  holes 
times  the  difference  between  cost  of  loading  per  ton  after  puncher  and 
after  chain  machines.  In  Franklin  County  this  difference  amounts  to 
6  cents  per  ton;  the  amount  of  coal  shot  down  in  a  room  24  feet  wide, 
7^  feet  high,  and  a  7-foot  undercut  averages  about  50  tons;  then 
50  times  $0.06  equals  S3,  which  represents  the  value  of  snubbing. 
Snubbing  also  gives  better  sizes  of  coal,  which  is  an  advantage  to  all 
parties  concerned.  Frequently,  however,  the  miner  neglects  to  do 
enough  snubbing.  At  some  mines  the  shot  firers  refuse  to  shoot 
shots  when  the  snubbing  is  inadequate;  at  other  mines  face  bosses  are 
employed  who  in  addition  to  other  duties  supervise  snubbing. 

ADVANTAGB   OF  FIRING   '^ SNUBBING  SHOTS." 

In  a  number  of  mines  where  the  coal  mined  averages  8}  to  9  feet, 
and  up  to  10  feet,  thick  ''snubbing  shots"  are  fired.  Inasmuch  as 
the  limit  charge  of  permissible  explosive  is  often  exceeded  under 
average  conditions,  snubbing  shots  are  necessaiy  in  the  thicker  coal 
and  could  be  employed  to  good  advantage  throughout  the  field. 
In  the  mines  in  Franklin  Coimty  the  average  thickness  of  coal  worked 
is  about  8  feet.  The  top  coal,  in  which  holes  are  drilled  under  present 
methods,  is  a  brittle  coal.  Sufficient  explosive  must  be  inserted  to 
break  down  7  to  8  feet  of  coal.  The  bottom  bench  below  the  "blue 
band"  ranges  from  1^  to  3  feet  thick  and  is  by  far  the  hardest  part 
of  the  seam;  in  some  sections  the  "blue  band"  is  2  to  3  inches 
thick  and  in  places  very  hard  to  break.  Thus  it  can  be  seen  that 
under  present  methods  the  firing  of  three  shots  to  break  this  entire 
thickness  of  coal,  with  the  hardest  part  of  the  seam  the  farthest 
from  the  explosive  and  with  the  explosive  embedded  in  the  more 
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brittle  top  coal,  requires  excessive  charges   and  such  charges  must 
tend  to  increase  the  proportion  of  screenings. 

Plate  VIII,  A,  shows  the  results  of  snubbing  shotsm  coal  9feet  thick. 
The  coal  underneath  the  ''blue  band'*  has  been  broken  down,  giving 
excellent  lump.  After  this  has  been  loaded  out,  or  even  partly  loaded 
oat,  the  remaining  part  can  be  shot  down  with  good  results.  A 
special  tool,  an  iron  rod  three-fourths  of  an  inch  in  diameter  and 
about  6  feet  long,  with  a  handle  on  one  end  and  a  prong  or  hook  on 
the  other,  can  be  used  efficiently  for  pulling  out  the  coal  produced 
by  the  snubbing  shots.  This  total  is  known  as  a  snubbing  or  coal 
hook. 

UNINO   "on  the   bench." 

In  order  to  furnish  for  this  report  some  data  on  the  practicability  of 
mining  ''on  the  bench"  in  the  No.  6  bed,  a  test  was  conducted  at  the 
West  mine,  at  West  Frankfort,  during  the  latter  part  of  March,  1916, 
by  Robert  Forsyth,  superintendent  of  the  West  Frankfort  Coal  Co., 
who  first  proposed  trying  out  such  a  method  as  early  as  1909,  at 
the  time  explosions  were  so  frequent  in  this  field.  T^e  method, 
although  not  new  for  Illinois,  had  never  been  tried  previously  in 
Franklin  County.  The  accompanying  sketches  in  figure  16  show  the 
features  of  this  method. 

This  test  was  made  in  rooms  3  and  4j  off  the  third  southeast  stub 
entry •  In  order  to  establish  the  "bench,"  the  mining  machine  was 
unloaded  onto  a  specially  erected  platform,  so  as  to  raise  the  cutter 
bar  to  the  desired  height.  The  first  cutting  was  made  across  the 
face  of  the  room  immediately  above  the  '^blue  band''  in  the  soft 
coal,  5  to  6  inches  thick,  occurring  just  a  few  inches  above  the  "blue 
band,"  as  in  A,  figure  16.  The  coal  was  then  snubbed  by  hand  1  foot 
high  and  2i  feet  deep,  as  is  the  regular  custom,  and  shot  down  with 
three  holes  with  two  and  one-fourth  sticks  of  explosive  in  the  center  hole 
and  two  sticks  in  each  rib  hole.  In  regular  shooting  with  three  holes, 
when  the  mining  is  on  the  bottom,  four  to  five  stioks  of  explosive  per 
hole  are  used.  This  fall  was  then  loaded  out  and  another  cutting  put 
in,  as  shown  at  B,  figure  16.  This  time,  however,  the  machine  was 
unloaded  on  the  bench,  and  the  cutting  was  done  in  the  usual  way. 
The  height  of  ooal  above  the  bench  was  5  feet  5  inohes.  Another 
roimd  of  shots  was  fired,  and  as  the  bench  had  already  been  estab- 
lished, this  coal  was  loaded  from  the  bench  directly  into  the  car,  the 
bench  being  2  feet  4  inches  high,  thus  giving  the  miner  the  advantage 
of  much  easier  loading.  After  this  coal  was  loaded  out,  a  third  cut- 
ting was  made  and  three  holes  again  drilled  and  charged,  as  shown 
at  C,  figure  16. 

The  plan  then  required  shootuig  up  one  cut  of  bottom  in  order  that 
the  face  of  the  coal  could  be  kept  at  a  uniform  distance  from  the 
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track,  so  three  holes  were  aocordingly  drilled  in  the  bottom  coal,  and 
one  stick  of  explosive  was  placed  in  the  center  hole  and  three-fourths 
of  a  stick  in  each  rib  hole.  This  shot.the  bottom  very  successfully, 
giving  practically  all  Imnp  coal,  as  the  shots  merely  loosened  the 
coal  in  lai^  lumps.    The  bottom  holes  were  placed  as  shown  in  C 
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and  in  the  front  view,  sloping  downward  into  the  bottom  clay  from  a 
starting  point  about  6  inches  from  the  top  of  the  bench.  The  center 
shot  in  the  bottom  coal  in  room  4  was  drilled  downward  from  the 
top  of  the  bench,  about  4  feet  back  from  the  edge,  at  an  angle  into 
the  day.    Tabulated  results  of  the  shots  follow: 
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It  is  felt  that  as  so  large  a  part  of  the  future  production  of  coal  in 
Illinois  will  be  from  coal  No.  6,  any  innovation  in  mining  methods 
that  will  encourage  the  use  of  permissible  explosives  and  lead  to  pro- 
duction of  less  fine  coal  and  possibly  increase  the  miner's  earnings, 
besides  giving  other  advantages,  should  be  carefully  considered. 

The  advantages  of  the  system  described  might  be  enumerated  as 
follows:  Possibly  larger  sizes  of  coal  can  be  produced,  and  with  less 
explosive.  Loading  off  the  bench  makes  work  easier  for  the  miner, 
as  the  coal  on  the  bench  can  be  shoveled  directly  into  the  car  and 
need  not  be  raised  the  full  height  of  the  car,  and  the  "blue  band  "  can 
be  removed  more  easily.  A  row  of  props  can  be  carried  on  the  bench 
close  to  the  face,  thus  insuring  greater  safety  and  fewer  accidents  from 
roof  falls;  also  a  permanent  row  of  props  can  be  kept  up  to  the  bench, 
and  the  miner  can  stand  on  the  bench  and  set  these  props  to  advan- 
tage. The  miner  can  examine  the  roof  more  thoroughly;  the  under- 
cutting can  be  done  more  quickly,  as  the  coal  is  softer  at  this  point; 
and  bits  will  require  only  about  one-third  as  mudi  sharpening  as 
when  cutting  in  the  hard  bottom  coal.  Drilling  will  be  easier  for  the 
miner  standing  on  sohd  coal  than,  as  at  present,  standing  on  a 
box  while  drilling  coal  7i  to  8  feet  high.  The  use  of  smaller  charges 
of  explosive  will  be  easier  on  the  roof  and  break  it  less,  an  extremely 
important  matter  in  Franklin  County  where  the  coal  roof  is 
left  up;  the  limit  charge  of  1^  pounds  of  explosive  will  not  be  ex- 
ceeded, which  overcomes  the  objectionable  feature  of  placing  heavy 
charges  of  explosive  in  top  coal,  as  is  necessary  in  breaking  down 
7i  to  8  feet  of  coal  with  a  hard  bottom  bench.  No  changes  need  be 
made  in  the  types  of  mining  madiines  now  in  use  except  that  possibly 
wheels  of  larger  diameter,  18  to  22  inches,  might  be  employed  for 
the  machine  truck,  so  that  the  mining  machine  can  be  unloaded 
directly  onto  the  bench  when  the  bench  is  once  established.  At  times 
only  the  middle  bottom  shot  need  be  fired  with  this  method,  and  then 
the  bench  is  not  only  in  front  of  the  car  but  along  the  sides  as  well, 
as  space  can  be  made  for  extending  the  track. 

The  principal  disadvantages  of  this  method  are  that,  from  the 
miner^s  standpoint,  it  will  require  the  drilling  of  three  holes  more 
than  by  present  methods  and  possibly  better  workmanship  in  taking 
up  the  bottom  coal  in  some  places.  Also  it  will  make  a  change  in 
conditions.  However,  its  advantages  are  beUeved  to  overbalance 
greatly  any  disadvantages.  The  use  of  electric  drills  would  obviate 
such  extra  work,  and  these  drills  should  be  used,  provided  that  suit- 
able changes  in  the  wage  scale  were  made. 

IfETHODS  OF  USING   EXPLOSIVE. 

It  is  generally  conceded  that  it  requires  an  experienced  miner  to 
get  the  best  results  from  permissible  explosives,  as  from  black  blast- 
ing powder;  it  is  also  the  beUef  that  a  miner  has  advanced  in  his 
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vocation  when  he  can  also  use  permissible  explosiTes  snocesBfully. 
The  miner  who  has  become  accustomed  when  using  black  blasting 
powder  to  angle  the  holes  mto  the  ribs  and  drill  them  slightly  on  the 
soM  finds  that  permissible  explosive  will  not  give  the  best  results 
under  such  conditions.  When  permissible  explosives  are  used,  the 
hole  should  be  practically  parallel  with  the  rib  and  have  sufficient 
clearance  from  the  rib  and  from  the  back  of  the  undercutting.  The 
inclination  of  the  hole  may  vary  slightly. 

The  excessive  use  of  explosive  increases  both  the  cost  per  ton  of 
ooal  and  the  amount  of  screenings  produced.  The  tendency  to  use 
too  much  explosive  is  one  of  the  most  detrimental  factors  to  the  suc- 
cess of  permissible  explosives  in  any  mine.  The  miner's  inherent 
dislike  to  spend  time  picking  down  coal  after  a  shot  tends  to  result 
in  shots  being  overcharged  except  by  miners  who  consider  the  saving 
from  using  the  proper  amount  and  the  danger  to  life  and  property 
from  an  overcharged  shot. 

The  sizes  of  the  sticks  of  explosives  as  used  in  Illinois  mines  are 
If  by  6  or  If  by  7  inches.  The  limit  charge,  1)  pounds,  would  restrict 
the  amount  used  to  three  sticks  or  less  per  shot,  giving  a  charge  18 
to  21  inches  long,  which  would  occupy  about  one-third  of  the  drill 
hole.  As  noted  in  Table  2,  the  number  of  sticks  in  a  25-pound  box 
of  explosive  varies  from  40  to  53,  depending  upon  the  size  of  the 
cartridge  and  the  density  of  the  explosive.  In  a  25-pound  box  con- 
taining 40  sticks  of  explosive,  the  average  weight  per  stick  is  10 
ounces;  in  a  box  containing  50  sticks,  the  average  weight  per  stick 
is  8  ounces;  therefore,  it  follows  that  two  and  one-half  sticks  of  the 
former  would  do  the  same  work  as  three  sticks  of  the  latter,  assum- 
ing that  the  sticks  of  explosives  are  of  equal  strength.  For  this 
reason  it  is  often  to  the  miner's  advantage  to  cut  a  stick  into  halves 
or  even  into  quarters.  The  accurate  judging  of  the  amount  of  per- 
missible explosive  to  use  is  highly  important  with  respect  to  the  sizes 
of  coal  produced. 

Ooeely  associated  with  the  improper  use  of  explosives  is  the  dis- 
satisfaction that  may  result  from  misfires,  or  failure  of  shots,  which 
are  due  to  a  number  of  causes  almost  wholly  within  the  province  of 
the  miner  to  prevent.  Preventive  measures  include  care  in  the 
storage  and  handling  of  explosive,  fuse,  and  detonators,  and  the  care- 
ful preparation  of  shots,  as  previously  mentioned.  Misfires  are 
costly,  resulting  in  smaUer  output,  waste  of  explosive  and  loss  of  time 
and  increase  of  danger  in  drilling  and  charging  a  new  hole. 

It  has  been  suggested  that  it  would  be  advisable  for  operators  to 
provide  for  the  supervision  of  snubbing  and  of  the  arrangement  and 
charging  of  shots.  Often  the  shot  firers  have  assisted  in  this  work, 
giving  instruction  whqre  necessary,  and  have  thus  aided  in  bringing 
about  better  results,  to  the  miners  by  improving  methods  of  work 
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and  to  the  operator  b  j  increasing  the  proportion  of  the  lai^er  sizes  of 
coaly  and  in  improving  safety.  The  shot  firer  by  virtue  of  his  work 
is  in  a  position  to  command  the  confidence  of  the  men,  to  detect 
improper  practices,  and  to  assist  in  estabhshing  safer  practices.  The 
careful  selection  of  shot  filers  has  had  much  to  do  with  the  success- 
ful use  of  permissible  explosives. 

ORDEB  OF  FmmO  SHOTS. 

The  system  of  lighting  three  shots  at  a  time  in  a  room,  when  firing 
with  fuse  and  detonator,  is  somewhat  general.  This  system  tends  to 
inciease  the  proportion  of  screenings  and  also  increases  the  amount 
of  explosive  necessary  and  consequently  the  explosives  cost  to  the 
miner,  for  often  the  "buster"  or  center  shot,  which  is  given  a  shorter 
fuse  and  is  fired  first,  will  break  the  coal  nearly  to  the  adjoining  rib 
shot,  leaving  only  a  relatively  small  amoimt  of  coal  to  be  broken 
down  by  the  previously  charged  rib  shots.  The  rib  holes  are  chai^d 
on  the  assumption  that  a  certain  amount  of  coal  will  be  left  standing, 
whereas  if  the  miner  could  see  the  amount  to  be  shot,  he  could  gage 
the  charge  for  the  rib  shots  more  correctly,  and  thus  save  explosive. 
Therefore  there  is  an  advantage  in  firing  the  "buster"  shot  before 
the  rib  holes  are  charged;  in  other  words,  firing  the  "buster"  one 
night  and  the  rib  shots  the  following  night,  and  this  should  be  done 
at  every  opportunity.  The  coal  from  the  "buster"  shot  need  not  all 
be  loaded  out  before  the  rib  shots  are  fired. 

As  each  two  miners  have  two  working  rooms,  also  a  crosscut 
through  the  pillar  every  60  feet,  such  practice  can  be  frequently 
followed.  Usually,  however,  in  order  to  avoid  delay  in  imdercutting, 
the  face  in  one  place  is  squared  up  and  made  ready  for  the  machine 
men  before  any  coal  from  shots  in  the  adjoining  room  is  loaded  out, 
and  at  times  it  could  not  be  followed. 

At  one  mine  the  rule  is  to  charge  and  firo  not  moro  than  two  shots 
in  a  room  on  any  one  night.  This  has  the  advantage  of  supplying 
ample  coal  for  a  day  or  moro  and  the  charge  requirod  for  the  romain- 
ing  rib  shot  the  following  night  can  be  accurately  judged.  In  the 
various  nunes  a  depth  of  undercutting  of  6  feet  on  a  face  about  24 
feet  wide  yields  approximately  40  tons;  a  7-foot  cut  yields  50  tons. 
Each  place  is  cut  and  shot  on  an  average  not  of tener  than  twice  each 
week,  which  with  two  men  and  two  rooms  provides  160  to  200  tons 
to  load,  not  including  the  coal  from  the  intervening  crosscuts.  The 
average  daily  tonnage  ^  per  miner  in  these  fields  indicates  that  such 
a  system  can  be  followed,  and  often  the  firing  of  a  single  shot  per 
night  would  be  practicable.  Table  3  gives  data  on  the  average  pro7 
duction  of  coal  per  shot. 

"  -    IM     -    I  _  —  _    _       ■   _  I     ■  ■     _  I  I 

a  Data  by  Andros  show  a  daily  output  of  7.6  tons  per  loader  for  the  sixth  mining  district.  See  Andros, 
8.  O.,  Coal  mining  in  Illinois:  Bull.  13,  Illinois  Coal-Mining  Investigations,  Cooperative  Agreement,  1915, 
p.  148. 
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Data  from  a  typical  mine  for  the  year  1915  foUow: 

Nvmber  of  tons  produced  per  day  by  each  loader  in  an  Illinois  mine  during  1915. 

Tona. 

Jantiary IL  48 

February II.  20 

March 11. 99 

April 12.19 

May n.60 

June 11. 16 

July 1L63 

August («) 

September 11. 55 

October ^ n.93 

November 10. 75 

December 10. 90 

Avenge 11. 48 

WIDTH   OP   WORKINGS. 

The  working  dimensions  are  fairly  uniform  in  the  mines  listed,  the 
rooms  average  24  to  26  feet  wide;  the  width  of  room  necks  varies. 
Including  room  necks  and  crosscuts,  the  usual  ratio  of  wide  places  to 
narrow  work  is  about  three  to  one.  In  one  mine  coal  was  at  one  time 
being  produced  from  220  rooms  and  68  entries;  in  another  mine,  from 
186  rooms  and  50  entries,  not  including  entry  and  room  crosscuts;  in 
another,  170  rooms  and  30  entries.  In  a  number  of  the  Franklin 
County  mines  where  the  rooms  are  driven  their  full  length,  the  last 
crosscut  is  made  18  feet  wide  at  the  face,  connecting  all  rooms  and 
making  a  continuous  face,  which  gives  a  larger  proportion  of  wide 
work,  and  consequently  helps  to  increase  the  percentage  of  lump  coaL 

In  one  new  mine  in  Franklin  County,  data  on  all  development  work 
12  feet  wide  shows  an  output  of  approximately  100  tons  of  coal  per 
25-pound  box  of  explosive,  the  percentage  of  2-inch  screenings  being 
sli^tly  over  50  per  cent.  It  is  beUeved  that  when  the  mine  is  being 
operated  at  full  capacity,  the  proportion  of  screenings  will  be  de- 
creased 7  to  10  per  cent  with  a  corresponding  increase  in  the  larger 
sizes.  Data  from  one  mine  fully  developed,  in  which  257  rooms 
averaging  24  feet  wide  and  70  entries  averaging  12  feet  wide,  were 
being  worked,  show  that  94  per  cent  of  the  coal  is  from  rooms  and 
room  crosscuts,  and  6  per  cent  from  entry  and  entry  crosscuts. 

Data  given  in  previous  pages  show  that  the  cost  of  blasting  per  ton 
of  coal  in  entries  is  practiddly  double  that  of  wide  rooms.  Table  4 
shows  that  the  average  production  per  25-pound  box  of  explosive  is 
209  tons  in  rooms  and  104  tons  in  entries,  and  that  in  the  various 
typical  mines  the  production  per  unit  of  explosive  increases  with  the 
width  of  workings. 

a  No  data  available. 
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Coal  produced  from  pillars  or  from  areas  affected  by  squeezes  yields 
a  high  percentage  of  screenings;  but  in  the  mines  under  discussion  the 
amount  of  such  coal  is  practically  negligible  as  few  pillars  are  drawn 
and  little  coal  is  obtained  from  squeezed  areas.  The  amount  of  top 
coal  recovered  is  also  very  limited. 

The  relative  proportions  of  different  sizfes  of  coal,  which  are  affected 
to  more  or  less  extent  by  these  various  factors,  are  also  influenced  by 
breakage  resulting  from  the  handling  undei^oimd,  and  in  the  various 
methods  of  preparation.  Holbrook's  report  *  on  the  preparation  of 
coal  at  Illinois  mines  contains  interesting  data  on  this  subject. 

In  the  foregoing,  recognition  of  the  many  obstacles  that  the  miner 
and  management  meet  and  the  difficulty  in  overcoming  them  have 
not  been  lost  sight  of,  but  the  fact  remains  that  some  of  these  are 
inherent  to  mining.  Each  division  of  underground  work  bears  a  rela- 
tion to  every  other  division,  and  all  should  move  in  harmony  toward 
the  objectives — greater  safety,  less  explosive  per  ton  of  coal  pro- 
duced, and  larger  sizes  of  coal. 

ADVAVTAOES  OF  PEBiaSSIBIE  EXPLOSIVES. 

Rutledge  and  Hall'^  mention  the  advantages  of  permissible  explo- 
sives over  black  blasting  powder,  as  found  in  practice  throughout  the 
various  mining  districts  as — lessened  risk  of  fire,  making  fire  runners 
unnecessary,  less  damage  to  roof,  cleaner  ribs,  fewer  blown-out  shots, 
less  scattering  of  coal,  fewer  air  blasts  (shocks  to  the  mine  air),  and 
windy  shots,  permissible  explosives  better  adapted  for  use  in  wet 
holes,  absence  of  smoke,  pleasanter  and  safer  mining. 

These  advantages  have  been  clearly  shown  in  Illinois  mining  prac- 
tice and  are  discussed  relative  to  the  following:  Fires  and  explosions^ 
blown-out  and  windy  shots;  effects  on  roof,  accidents,  effect  on  gen- 
eral mine  efficiency. 

MINE  FIBES  AND  EXPLOSIONS. 

The  occurrence  of  fires  and  explosions  from  the  use  of  black  blasting 
powder  has  been  pointed  out  in  preceding  pages.  No  data  have  been 
kept  of  costs  of  the  various  fires,  but  even  should  no  widespread 
disaster  occur  through  them,  yet  the  frequent  occurrence  even  of 
small  fires  is  a  source  of  great  anxiety  and  expense.  When  a  fire  is 
discovered  in  its  early  stages  it  is  easily  smothered,  but  often  it  may 
smolder  in  newly  shot  coal  and  the  fire  runner  may  pass  by  without 
detecting  it.  If  the  fire  is  under  headway  it  is  often  necessary  to 
seal  off  a  considerable  area  of  the  mine,  which  results  in  loss  of  wages 

a  Holbrook,  B.  A.,  The  dry  preparatioii  of  bituminoas  coftl  at  Illinois  mines:  Bull.  88,  Eng.  Exp.  Station, 
University  of  Illinois,  1015,  p.  133. 

»  Rutledge,  J.  J.,  and  Hall,  Clarence,  The  use  of  permissible  explosives:  Bull.  10,  Bureau  of  Mines,  19U^ 
pp.aO-2S. 
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and  output,  and  in  addition  to  this  entails  the  cost  of  sealing,  open- 
ing, and  cleaning  up  several  hundred  feet  of  entry,  and  the  dangers 
attending  this  work.  Especially  in  mines  having  a  high  volatile  coal, 
bad  roof,  and  generating  explosive  gases,  the  problems  created  are 
expensive  and  serious.  The  subsequent  bad  roof  conditions  are  an 
additional  source  of  expense  and  danger.  Plate  VIII,  By  shows  the 
after  effects  on  the  roof  of  a  fire  from  a  black  powder  shot  in  a  mine 
working  No.  5  coal.  Practically  all  of  the  mines  in  which  permissible 
explosives  are  now  used  and  which  formerly  used  black  blasting 
powder  have  had  trouble  and  expense  from  fires.  At  one  mine  20 
fires  occurred,  each  of  which  cost  $100  to  $500  to  combat;  at  another 
mine  12  to  15  fires  occurred,  which  stopped  mining  one  to  three  days 
and  cost  $50  to  $300  each  to  fight.  These  figures  do  not  include  losses 
in  wages  and  output.  At  another  mine  several  large  fires  have  oc- 
curred. On  one  occasion  both  shafts  had  to  be  sealed  for  a  period 
of  nearly  seven  weeks.  Within  two  months  another  fire  started 
which  required  the  erecting  of  five  stoppings  and  the  sealing  off  of 
80  working  places,  with  all  miners'  tools  and  one  mining  machine. 
The  cost  of  sealing  off  this  fire  was  $1,100,  to  which  must  be  added  the 
subsequent  and  indirect  costs.  A  tabulation  of  the  costs  of  fires  in 
the  various  mines  would  form  an  item  possibly  aggregating,  in  pro- 
portion to  the  value  of  the  property  involved,  the  cost  of  fires  in 
some  of  our  larger  cities. 

The  necessity  of  providing  fire  runners  in  the  various  sections  where 
black  blasting  powder  was  used  created  a  daily  expense  item  of  con- 
siderable amount. 

In  so  far  as  the  ehmination  of  fires  and  explosions  is  concerned,  it 
can  be  stated  that  the  use  of  permissible  explosives  has  effectively 
met  the  situation  in  the  districts  where  used. 

It  is  true  that  small  fires  have  sometimes  resulted  from  the  use  of 
permissible  explosives,  but  these  have  been  caused  chiefly  by  the  im- 
proper use  of  such  explosives,  from  a  number  of  causes,  as  follows: 
(1)  Using  more  than  the  limit  chaise  of  1)  pounds  of  explosive  (any 
explosive  when  used  in  excess  becomes  more  dangerous) ;  (2)  using 
insufficient  stemming  or  no  stemming,  especially  in  the  presence  of 
gas  feeders;  (3)  the  use  of  damp  explosives  or  weak  detonators,  either 
of  which  naay  cause  the  explosive  to  bum  instead  of  detonate  or  may 
cause  a  detonation  of  a  low  order  which  would  destroy  the  main 
feature  that  makes  an  explosive  permissible ;  (4)  the  use  of  explosive 
which  has  changed  in  composition  through  age  or  in  which  the  nitro- 
glycerin has  segregated  through  long  or  improper  storage  so  as  prac- 
tically to  change  its  composition;  (5)  the  use  of  two  kinds  of  explo- 
sive in  one  drill  hole;  and  (6)  the  use  of  damaged  fuse,  the  ^'side 
spitting"  of  which  may  ignite  a  gas  feeder  or  else  ignite  the  explosive, 
causing  an  initial  burning. 


88  USE  OF  PBBMISStBLE  EXPLOSIVES  IN  ILLINOIS. 

In  nearly  every  instance  in  which  fires  from  explosive  have  been 
reported  in  Illinois  mines  using  permissible  explosives,  evidence  was 
at  hand  to  point  to  one  of  the  above  causes.  At  one  mine  a  small 
fire  followed  a  '^  tight "  shot  on  the  rib.  The  miner  had  kept  his  box 
of  detonators  buried  under  several  inches  of  dirt  and  the  detonators 
had  become  moist.  The  charge  was  undoubtedly  incompletely  det- 
onated and  burned  in  the  drill  hole.  At  another  mine  the  use  of  old 
explosive  caused  a  fire;  at  another  three  fires  from  one  of  the  per- 
missible explosives  first  placed  on  the  market  occurred  during  the 
first  few  months  that  permissible  explosive  was  used,  but  the  cause 
is  not  known.  In  two  other  instances,  fires  were  reported,  due  in 
one  instance,  it  was  thought,  to  the  fuse  ''side  spitting''  and  in  the 
other  to  the  explosive  burning.  Only  few  fijres  were  reported  during 
the  past  year  in  the  Illinois  mines  using  permissible  explosives, 
although  approximately  800,000  shots  were  fired.  No  explosions 
have  occurred  in  several  millions  of  shots. 

The  importance  of  care  in  the  use  and  storage  of  explosives  applies 
directly  to  the  prevention  of  fires.  In  one  mine  in  which  during  1916 
two  fires  occurred  from  shots  of  permissible  explosive  an  investigation 
was  made  and  it  was  found  that  in  the  storage  of  explosives  in  the 
magazine  a  fresh  shipment  had  been  stored  on  top  of  much  older 
explosives,  resulting  in  some  of  the  explosives  being  much  too  old  for 
safety  or  efficiency  when  finally  used.  When  a  new  consignment  of 
explosives  is  received,  it  should  be  stored  in  the  magazine  in  such  a 
way  that  the  oldest  explosives  can  be  issued  first.  An  instance  is 
reported  of  a  carload  of  explosive  being  kept  on  hand  for  over  a  year 
and  only  four  boxes  were  discarded,  the  remainder  being  used  after 
this  time;  this,  however,  is  an  exception  and  it  is  generally  believed 
that  explosive  over  six  months  in  age  should  not  be  used.  If  a  car- 
load can  not  be  used  in  this  time,  the  explosive  should  be  purchased 
in  smaller  quantities. 

Some  of  the  causes  of  fires  as  given  above  refer  to  the  use  of  old 
or  deteriorated  explosives — explosives  that  would  fail  to  pass  the 
teste  for  permissibility.  In  others  it  is  assumed  that  the  explosive 
used  is  in  all  respects  similar  to  the  sample  that  passed  the  required 
tests  at  the  Pittsburgh  testing  station  of  the  Bureau  of  IGnes — 
that  is,  it  is  a  standardized  permissible  explosive.  Dining  the  winter 
of  1916-17,  at  one  mine  there  was  trouble  from  a  certain  explosive 
that  burned  in  the  drill  hole.  A  number  of  small  fires  resulted  and 
one  fire  which  got  beyond  control  had  to  be  sealed.  As  the  cause 
was  not*  apparent  and  the  fires  were  confined  to  a  particular  mine, 
the  manufacturer  was  asked  to  investigate  the  matter.  Later  the 
trouble  was  overcome.  This  experience  again  demonstrates  the 
readiness  with  which  the  coal  face  in  the  mines  in  southern  Illinois 
ignites  and  the  desirability  of  using  short-flame  explosives  only  in 
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these  mines ;  also,  that  in  combating  the  fire  hazard,  the  cooperation 
of  all  parties  concerned  is  necessary. 

Two  field  samples  of  the  explosives  sent  from  DlinoiB  mines  to  the 
Pittsburgh  testing  station  at  various  times  exceeded  the  allowable 
tolerance,  and  the  particular  lots  of  explosives  represented  by  such 
samples  were  therefore  declared  nonpermissible. 

BLOWN-OUT  AND  WINDY  SHOTS. 

The  characteristic  action  of  permissible  explosives  helps  to  prevent 
blown-out  and  windy  shots  such  as  occur  with  black  blasting  powder. 
The  explosive  expends  its  energy  on  the  coal  and  tends  to  crater  or 
enhu^e  the  hole  rather  than  to  blow  out  of  the  hole.  Overcharges 
will  not  give  windy  shots  with  accompan3ring  blowing  out  of  props 
and  brattices  and  derangement  of  ventilation,  as  would  a  correspond- 
ing overcharge  of  black  blasting  powder.  The  feeling  of  relative 
safety  among  shot  firers  in  mines  using  peitnissible  explosives  some- 
times tends  toward  a  disregard  of  necessary  precautions.  Care 
should  be  exercised,  and  the  explosive  should  always  be  in  good  con- 
dition, properly  tamped,  and  fired  with  full  strength  detonators. 

EFFECTS  ON  EOOF. 

In  comparing  black  blasting  powder  and  permissible  explosives 
as  to  their  relative  effects  on  the  stratum  that  forms  the  immediate 
roof,  some  difference  of  opinion  may  exist.  All  mining  men  agree 
that  any  explosive  may  injure  the  roof.  In  Franklin  County  from 
10  to  40  inches,  usually  about  24  inches,  of  top  coal  is  left  for  roof 
to  hold  the  shale  which  falls  when  exposed.  The  poor  roof  conditions 
typical  of  the  No.  6  coal  after  the  overlying  shale  becomes  broken  are 
ifiustrated  in  Plate  I  (p.  6).  The  effect  of  the  explosive  on  the  roof 
is  therefore  of  considerable  importance,  as  often  bad  roof  conditions 
are  a  serious  hindrance  to  mining. 

Black  blasting  powder,  Hke  other  explosives,  exerts  force  in  every 
direction,  but  as  it  acts  slowly  its  gases  can  work  upward  through 
cracks  and  crevices.  As  the  natural  roof  is  harder  than  the  coal,  this 
effect  is  not  readily  observed.  In  sqme  of  the  Franklin  County  mines 
soft  friable  shale  containing  many  parting  or  bedding  planes  and  crev- 
ices overlies  the  coal.  The  slowly  generated  gases  from  black  blasting 
powder  work  up  into  these  planes  or  if,  in  the  case  of  ''frozen"  or 
sticking  coal  it  is  necessary  to  place  the  shot  dose  to  the  roof,  the 
powder  gases  "bum"  through  these  crevices.  When  this  occurs, 
in  many  cases  the  roof  may  apparently  be  in  good  condition  after  the 
shot  and  may  stand  for  two  or  three  months,  and  then  break  down 
from  the  combined  action  of  air  and  moisture  in  the  cracks  enlarged 
and  weakened  by  the  shot  of  black  powder. 
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The  gases  generated  from  explosives  of  the  permissible  types  do  not 
''work  ahead''  like  black  blasting  powder,  also  do  not  work  up  into 
and  weaken  the  roof.  The  gases  are  generated  so  suddenly  and  the 
energy  is  so  quickly  dissipated  that  the  coal  breaks  much  more 
quicUy  and  the  liberated  gases  can  not  work  into  these  crevices, 
make  new  crevices,  or  enlaige  the  old  ones.  This  feature  of  these 
explosives  assists  in  Trmlnng  them  ''permissible." 

In  the  No.  6  seam  there  are  a  number  of  partings  in  the  friable  top 
coal,  and  often  when  blaok  blasting  powder  was  used  the  gases  did 
not  follow  the  regular  parting  planes  but  worked  far  up  into  the  top 
coal.  This  condition  can  be  traced  in  a  number  of  mines  in  the 
Franklin  County  field,  where  black  blasting  powder  was  formerly  in 
use;  in  faot,  the  places  along  the  entries  can  be  noted  where  the 
change  from  black  blasting  powder  to  permissible  explosives  was 
made.  The  flame  of  black  blastmg  powder  would  spread  out  from 
the  end  of  the  drill  hole  and  follow  along  the  different  partings, 
especially  when  the  hole  sloped  upward  too  much.  The  character- 
istic action  of  permissible  explosives  is  noted  when  the  hole  projects 
upward  into  the  plane  beyond  that  intended;  in  this  event  ''holing 
out"  results — which,  however,  is  of  limited  extent.  Miners  often  drill 
upward,  or  into  the  ribs,  more  than  is  desirable  for  the  purpose  of 
gaining  a  greater  production  per  unit  of  explosive,  and  this  tendency 
has  to  be  guarded  against  on  account  of  the  greater  amount  of  timber 
necessary.  The  character  of  the  roof  of  the  No.  6  coal  and  a  method 
of  timbering  an  entry  are  shown  in  Plate  I  (p.  6),  which  illustrates 
a  problem  met  in  all  these  mines. 

Experience  in  Franklin  County  and  other  mining  districts  shows 
that  permissible  explosives  are  much  easier  on  the  roof  than  black 
blasting  powder.  In  a  Pennsylvania  mine,  in  a  powder  test,  a  series 
of  about  100  shots  was  fired  with  black  blasting  powder,  and  then  a 
series  with  a  permissible  explosive.  There  was  a  ''draw  slate" 
about  9  inches  thick  above  the  ooal,  whioh  was  mined  with  the  coal, 
and  the  holes  were  drilled  so  that  the  point  of  the  hole  came  close  to 
the  parting  between  the  coal  and  this  "slate."  The  conditions  as 
to  the  placing  of  holes  were  observed  for  each  shot,  and  all  holes  were 
charged  under  the  supervision  ot  a  committee  of  miners  and  opera- 
tors. It  was  found  that  in  almost  all  cases  blaok  blasting  powder 
caused  the  "slate"  to  fall  with  the  coal,  or  shortly  thereafter,  whereas 
when  the  ooal  was  shot  with  the  permissible  explosive  the  "slate" 
invariably  had  to  be  ahot  separately.  This  extra  blasting  may  have 
increased  the  cost  slightly  in  this  particular  mine,  but  it  shows  that 
the  use  of  permissible  explosives  xmdoubtedly  tends  to  be  easier  on 
the  roof,  and  thus  lessen  the  danger  of  roof  falls. 

In  the  majority  of  mines  where  permissible  explosives  are  used  it 
is  the  opinion  that  they  are  much  easier  on  the  roof.    In  one  mine 
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where  poor  roof  is  encountered,  permissible  explosives  are  giving 
much  better  results  than  were  previously  obtained  from  black  blast- 
ing powder.  In  another  mine  the  only  instances  in  which  results 
were  unsatisfactory  were  in  some  entries  where  the  dip  of  the  bed 
changed  and  the  entrymen  drilled  up  into  the  roof  before  they  were 
aware  of  the  situation,  resulting  in  a  poor  roof  for  some  distance. 
At  another  mine,  where  the  parting  planes  are  not  always  pronounced, 
holes  are  often  drilled  across  these  planes,  but  the  roof  is  not  seri- 
ously broken ;  a  small  cavity  may  result,  but  not  enough  to  require 
extra  timbering.  At  still  another  mine,  where  permissible  explosives 
are  used,  it  was  thought  at  first  that  the  explosive  was  damaging  the 
loof ,  but  further  observation  showed  that  this  was  due  to  local  con- 
ditions; and  further  on,  where  conditions  became  normal,  these 
effects  disappeared.  Exceptionally  good  roof  conditions  were  noted 
tiuroughout  one  mine  where  permissible  explosives  have  been  used 
exclusively.  In  this  mine  the  props  were  recovered  from  practi- 
cally all  of  the  rooms  of  one  pair  of  panels  that  had  been  driven  up 
to  the  boundary,  and  the  roof  held  well  without  a  break  for  some  time, 
hi  some  places  the  roof  of  a  whole  room,  with  an  area  of  24  by  250 
feet,  held  for  weeks  after  all  the  timbering  had  been  removed.  Tliis  is 
rather  unusual  for  the  roof  of  No.  6  coal.  The  superintendent  at 
this  mine  estimates  that  the  use  of  permissible  explosives  has  saved 
his  company  many  thousands  of  doUare  in  timbering. 

In  the  No.  5  seam  no  top  coal  is  left,  and  the  ooal  is  shot  free  from 
the  roof,  as  has  be^i  previously  stated.  In  one  particular  mine  the 
roof  is  of  light-colored  shale,  which  gives  a  free  parting  and  conse- 
quently a  higher  production  of  coal  per  unit  of  explosive.  At  three 
other  mines  no  damage  to  the  roof  from  permissible  explosives  has 
been  noted.  In  only  one  mine  of  the  entire  district  was  it  believed 
that  permissible  explosives  had  a  more  damaging  effect  upon  the 
roof  than  black  blasting  powder,  and  it  was  thought  that  the  miners 
could  overcome  this  by  properly  placing  and  loading  the  holes. 

FEWBB  ACCIDENTS  FROM  PEBMISSIBLE  EZPLOSIVBS. 

Permissible  explosives  are  not  easily  ignited  by  a  spark  from  a  lamp, 
a  frictional  spark,  or  a  flame  from  burning  gas,  and  are  not  exploded 
by  an  electric  current  unless  detonators  are  present,  and  hence  there 
is  lees  possibility  of  accident  than  when  black  blasting  powder  is  used. 
Illinois  mining  history  has  recorded  numerous  instances  of  fatal  and 
nonfatal  accidents  from  the  use,  misuse,  and  transportation  of  black 
blasting  powder,  but  in  spite  of  the  fact  that  only  a  small  percentage 
of  the  miners  were  at  all  familiar  vnth  permissible  explosives  at  the 
time  of  their  introduction,  the  accident  record  is  singularly  free  from 
accidents  due  to  the  use  or  handhng  of  permissible  explosives. 
Franklin  County  records  show  only  two  fatal  accidents  charged  to 
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permissible  explosives,  one  of  which  is  said  to  have  resulted  from  a 
miner  prying  with  the  point  of  his  lamp  hook  into  a  detonator  that 
had  misfired.  His  act  is  supposed  to  have  exploded  the  f  uhninate  in 
the  detonator,  which  in  turn  exploded  some  near-by  detonators  and  a 
25-pound  case  of  a  permissible  explosive. 

Defective  squibs,  powder  ignited  by  burning  gas,  by  a  spark  from  a 
lamp,  spark  from  smoking  tobacco,  by  a  spark  in  drilling  out  a  missed 
shot,  by  a  spark  from  a  pick  in  opening  a  powder  keg,  or  by  an  electric 
current  or  arc,  all  took  their  toll  in  lives.  With  permissiUe  explosives 
practically  all  these  dangers  are  removed,  provided  reasonable  care  is 
exercised  in  handUng  the  sensitive  detonator. 

It  has  been  frequently  noted  that  the  heat  of  an  explosion  of  gas 
or  duat  readUy  sets  off  blaxsk  blasting  powder,  which  may  increase 
the  force  of  an  explosion  and  at  times  renews  one  that  has  practically 
died  out.  During  the  fiscal  year  ended  June  30, 1915,  two  explosions 
in  Illinois  mines  were  reported  to  have  been  started  by  the  ignition 
of  bodies  of  gas,  black  blasting  powder  being  used  in  one  of  these  mines 
and  permissible  explosives  in  the  other.  These  accidents  afford  a 
comparison  of  the  effects  on  the  different  explosives  when  exposed  to 
the  heat  and  violence  of  an  explosion.  In  one  of  them  numerous 
kegs  of  black  blasting  powder  were  exploded  by  the  heat.  These  had 
been  delivered  the  night  previous  and  were  full,  unopened  kegs,  as 
shown  by  the  unopened  bungs,  ignition  having  been  caused  by  exter- 
nal heat.  In  the  other,  several  boxes  of  permissible  explosives  had 
been  thrown  against  the  ribs  and  broken  open  and  the  contents 
scattered  along  the  entry  without  the  explosive  being  ignited  or 
detonated.  Evidences  of  extreme  heat  after  both  explosions  were 
the  remains  of  rolls  of  charred  fuse,  burnt  clothing,  paper,  and 
coked  dust.  Furthermore,  should  any  permissible  explosive  be  set 
off  under  such  conditions,  on  account  of  the  factor  of  safety  which  its 
relatively  short  flame  provides,  there  is  much  less  UkelUiood  of  its 
contributing  to  the  loss  of  hfe  and  property  than  of  such  loss  being 
caused  by  black  blasting  powder.  Detonators,  however,  are  very 
sensitive  to  blows  and  they  should  be  stored  at  a  safe  distance  from 
the  explosive.    The  fewer  kept  in  the  mine  by  the  miner  the  better. 

In  the  mines  using  permissible  explosives,  shots  that  have  mis- 
fired are  occasionally  drilled  out.  No  accidents  have  as  yet  been 
reported,  but  such  practice  is  extremely  dangerous.  The  best  prac- 
tice is  to  tamp  the  ^'missed"  hole  to  its  mouth  and  to  drill  and  load 
a  new  hole  at  least  a  foot  from  the  old  one.  In  one  instance  noted 
the  miner  drilled  a  new  hole  because  of  a  misfire,  and  after  shoot- 
ing the  new  hole  found  that  the  explosive  from  the  first  hole  had  not 
been  detonated. 

Additional  evidence  of  the  dangers  of  using  black  blasting  powder 
was  furnished  by  an  accident  in  August,  1915,  in  a  mine  in  southern 
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nUnois  in  which  the  miDers  tamped  their  own  shots,  and  firing  was 
done  by  shot  firers.  One  miner,  contrary  to  rules,  approached  the 
drill  hole  with  his  carbide  light  on  his  head,  and  as  he  pushed  the 
cartridge  of  black  blasting  powder  into  the  hole  a  quantity  of  gas  was 
forced  out  and  ignited  by  flame  from  lus  carbide  lamp.  As  the  miner 
ran  down  the  entry  the  powder  ignited  and,  exploding  in  the  drill  hole, 
gave  rise  to  a  ''windy''  shot  which  might  have  resulted  disastrously. 

EFFECT  ON  OENE&AL  MINE  EFFICIENCY. 

Under  general  mine  efficiency  may  be  included  other  advantages 
tending  to  make  the  use  of  permissible  explosives  satisfactory  in 
these  fields. 

File  runners  are  now  unnecessary  in  these  mines,  whereas  they  were 
previously  required  when  black  blasting  powder  was  used. 

Permissible  explosives  withstand  moisture  better  than  black  blast- 
ing powder  and  the  explosives  of  the  nitroglycerin  class,  especially, 
can  be  used  in  wet  holes  if  the  detonator  is  properly  arranged. 

lliere  is  less  work  in  making  up  the  charge  with  a  permissible 
explosive  and  less  danger.  Cartridges  are  uniform  in  size  and  weight 
and  the  chaige  can  be  accurately  gaged.  This  is  important  in  under- 
cut coal  where  equal  charges  of  explosive  are  used  daily. 

A  given  quantity  of  a  permissible  explosive  can  do  more  work  than 
a  similar  quantity  of  black  blasting  powder;  hence  fewer  holes  need 
be  drilled  and  charged  to  shoot  down  the  same  amount  of  coal. 

The  quantities  of  smoke  and  noxious  gases  given  off  by  permissible 
explosives  are  relatively  small  as  compared  with  black  blasting  pow- 
der, and  this,  with  the  smaller  quantity  of  explosive  used  per  shot, 
is  an  immense  advantage  as  regards  the  effect  on  the  miner's  health. 
No  permissible  explosive  produces  more  than  158  liters  (5.5  cubic 
feet)  of  poisonous  gases  per  1^  pounds  of  explosive  and  most  of  them 
produce  less  than  120  liters  (4.1  cubic  feet).  This  excellent  feature 
is  overlooked  to  a  great  extent  because  all  of  the  men  except  the 
shot  firers  are  out  of  the  mine  at  the  time  of  firing,  but  is  of  addi- 
tional advantage  to  the  shot  firers,  as  they  can  travel  with  greater 
safety.  Shot  firers  are  protected  in  their  work  and  find  the  explosion 
hazard  greatly  decreased. 

SXnCMABT  AND  COVCLTJSIOVS. 

Hie  advantages  of  permissible  explosives  emphasize  the  important 
bearing  that  these  explosives  have  on  the  prevention  of  accidents 
and  property  loss.  Their  introduction  into  Illinois  mines  was  diffi- 
cult, but,  after  a  thorough  trial,  they  have  been  accepted  as  the 
explosives  most  suitable  for  conditions  in  the  respective  mines  in 
which  they  are  now  used.  In  making  a  change  from  one  mine  to 
another  or  from  one  grade  of  powder  to  another  the  miner  must 
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necessarily  familiarize  himself  witli  the  new  conditions  in  order  to 
do  efficient  work.  This  applies  directly  to  a  change  from  black 
blasting  powder  to  permissible  explosives.  With  a  better  knowledge 
of  the  nature  and  merits  of  the  permissible  explosives,  their  users  give 
many  testimonials  as  to  the  advantage  gained,  a  condition  most 
pleasing  to  the  advocates  of  greater  safety.  The  consensus  of  opin- 
ion among  mining  men  in  these  districts  is  that  where  the  coal  is 
undercut  and  snubbed,  permissible  explosives  can  be  successfully  used, 
with  little,  if  any,  increase  in  the  production  of  slack. 

The  cost  of  explosive  per  ton  of  coal  produced  in  these  mines  has 
been  lowered,  owing  to  the  fact  that  less  explosive  is  required  to 
perform  the  same  work  than  when  black  blasting  powder  was  used, 
the  sizes  of  coal  compare  favorably,  and  miners  accustomed  to  the  use 
of  permissible  explosives  get  as  good  results  as  they  did  with  black 
blasting  powder. 

Results  are  more  favorable  than  was  anticipated  by  the  early  users 
of  permissible  explosives.  It  was  thought  there  would  be  a  large 
difference  in  the  sizes  of  coal  produced  and  in  the  cost  of  explosives  per 
ton  of  coal,  as  compared  with  black  powder.  In  mines  where  the 
value  of  the  coal  produced  has  been  affected  by  an  increase  of  2  to  5 
per  cent  in  the  production  of  screenings,  it  is  felt  that  this  is  com- 
pensated by  the  increased  safety  through  the  elimination  of  fires  and 
explosions,  saving  in  wages  of  fire  runners,  fewer  accidents  in  handling 
explosives,  and  the  feeling  of  security  which  the  use  of  permissible 
explosives  gives;  these  considerations  also  offset  the  loss  of  the 
profit  the  operator  previously  gained  by  handling  black  blasting 
powder.  In  other  mines  no  material  loss  has  been  sustained,  whereas 
in  certain  mines  it  is  believed  that  the  less  injurious  effect  of 
permissible  explosives  upon  the  roof  more  than  balances  any  slight 
difference  in  sizes  of  coal  produced. 

The  success  of  permissible  explosives  in  Illinois  mines  shows  that 
they  have  satisfied  one  of  the  great  needs  of  the  coal-mining  industry. 
Their  increased  Tise  throughout  the  United  States  has  overcome  many 
of  the  dangers  which  attended  the  use  of  black  blasting  powder. 
Their  use  ought  to  be  extended  so  that  the  occurrence  of  mine  fires, 
explosions,  and  accidents  due  to  explosives  will  be  reduced  to  a 
minimum.  Permissible  explosives  stand  for  protection  to  life  and 
property.  Their  \ise  is  no  longer  an  experiment,  but  forms  the  basis 
for  an  effective  and  continuous  campaign  in  accident  prevention. 


AFPEHDIX. 

JOINT  POWBEB  COMMIS8IOK. 
FROGEDUKE  IN  TESTS  WHEN  MAKINQ  CHANGE  OF  POWDER. 

For  the  settlement  of  all  powder  questions  that  arise  a  joint 
powder  commission  is  provided  in  the  agreement  between  the 
operators  and  the  miners.  The  procedure  in  all  tests  where  a  change 
of  powder  is  desired  is  stated  in  the  eighth  clause  of  the  agreement, 
as  follows:' 

The  price  for  powder  per  keg  shall  be  $1.75,  the  same  to  be  delivered  at  the  face 
when  80  requested.  The  miners  shall  purchase  their  powder  from  the  operators, 
provided  it  is  furnished  of  standard  grade  and  quality;  and  provided  further,  that 
other  permissible  explosives  may  be  used  when  necessary  for  the  safety  of  life  and 
property.  The  permissible  explosives  shall  be  furnished  at  the  same  relative 
cost  as  black  powder,  the  interest  of  operator  and  miner  alike  considered.  In 
determining  the  powder  for  a  mine,  it  shall  be  the  purpose  to  select  powder  which 
shall  give  the  best  results  to  the  miner  and  operator  alike.  A  majority  of  the  miners 
on  the  pay  roll  at  any  mine  may  file  with  the  operator  a  written  complaint  against 
the  powder  being  furnished  by  the  operator.  Such  contplaint  must  explicitly 
state  the  objections  to  the  powder  and  must  be  signed  by  a  majority  of  the  miners. 
The  operator  may  also  file  with  the  pit  committee  written  notice  of  his  desire  to 
change  the  powder  being  furnished,  stating  his  reasons  therefor.  Upon  the  filing 
of  either  complaint  or  notice  as  above  stated,  a  test  shall  be  arranged  for  as  soon  as 
possible,  and  such  test  shall  be  conducted  under  written  regulations  hereinafter 
provided  for  or  the  r^ulations  may  be  prescribed  by  the  joint  powder  commission 
hereinafter  provided  for.  A  joint  State  powder  commission,  who  shall  serve  during 
the  life  of  this  agreement,  shall  be  constituted,  consisting  of  six  members,  three  of 
irhom  shall  be  appointed  by  each  executive  board,  respectively,  of  whom  not 
less  than  one  on  each  side,  shall  possess  technical  knowledge  and  all  of  whom 
shall  possess  either  technical  or  practical  knowledge  of  the  use  of  powder  in 
producing  coal.  Said  commission  shall  have  full  control  of  all  powder  tests  not 
settled  locally,  as  herein  provided.  The  commission  shall  be  empowered  to  investi- 
gate the  various  phases  of  the  powder  question  and  may  negotiate  with  powder 
companies  for  the  establishment  of  standard  sizes  of  powder  and  the  proper  branding 
thereof.  It  shall  be  the  duty  of  the  commission  to  eliminate  entirely  from  cases  of 
powder  disputes  the  participation,  openly  or  otherwise,  of  representatives  of  powder 
companies  and  shall  by  all  lawful  and  proper  means  seek  to  secure  for  both  operators 
and  miners  uniform  deliveries  of  such  powder  as  is  selected  as  the  most  suitable  in 
any  given  case. 

In  case  of  a  powder  dispute  arising  at  any  mine  as  to  kind  of  powder  to  be  furnished 
under  the  provisions  of  this  agreement,  the  dispute  shall  be  first  taken  up  locally 
by  the  interested  parties  and  a  local  test  made  in  order  to  determine  whether  the 

•  AgneiAent  by  and  between  tbe  niinois  Coal  Operators'  Association,  the  Coal  Operators' Association 
oCthe  Fifth  and  Ninth  Dbtrlcts  of  Illinois,  and  the  Central  Illinois  Coal  Operators'  Association  and  tbe 
United  Mine  Workers  of  Amerioa,  District  Ko.  12,  clause  8;  continued  In  force  April  1, 1910. 
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powder  used  or  desired  by  either  operator  or  miners  is  best  suited  or  adapted  for 
the  use  of  the  mine  where  the  dispute  arises.  The  local  test  shall  be  made  in  accord- 
ance with  the  following  rules  and  regulations  as  nearly  as  possible  and  shall  cover  a 
sufficient  time  and  tonnage  to  give  the  different  powders  tested  a  fair  chance  to 
determine  their  respective  value:  The  powder  to  be  tested  shall  be  agreed  upon 
by  both  parties  to  the  controversy  as  being  in  the  judgment  of  each  beet  suited  for 
use  in  the  mine  where  the  dispute  arises,  the  interests  of  operator  and  miner  alike 
considered.  The  kind  of  powder  giving  the  best  results  in  the  opinion  of  the 
parties  making  the  test  shall  be  the  powder  used  in  the  mine  during  the  life  of  the 
contract  unless  otherwise  directed  by  law  or  unless  a  radical  change  occurs  in  the 
character  or  condition  of  the  coal  seam  or  that  a  change  of  powder  is  matoally 
agreeable  to  both  parties. 

In  the  conducting  of  any  local  tests  the  following  rules  shall  be  observed  and 
enforced,  to  wit: 

1.  Six  members  shall  constitute  the  committee  or  conmussion  for  making  any  local 
tests,  imless  otherwise  specifically  agreed  to  by  both  operator  and  the  miners;  said 
conmdttee  or  commission  to  be  composed  of  three  miners  selected  and  authorized  to 
represent  the  local  and  three  men  to  likewise  represent  the  operator.  In  case  of 
additional  members  participating  in  any  local  test  each  side  shall  have  equal  repre- 
sentation. 

2.  The  drilling  of  all  holes  shall  be  under  the  direct  supervision  of  one  miner  and 
one  operator,  member  of  the  committee  or  conmussion,  during  the  conducting  of  any 
test. 

3.  One  miner  and  one  operator,  members  of  this  conmiittee  or  commission,  shall 
prepare  all  cartridges  and  keep  a  record  of  the  measurements  and  weights  of  same,  the 
results  of  the  shots  to  b€w  figured  by  weights  of  the  powder  used  and  the  condition  of 
the  coal  after  being  shot  as  a  basis. 

4.  In  no  case  shall  the  members  of  the  committee  or  commission  who  drill  or  super- 
vise the  drilling  of  the  holes  have  any  knowledge  of  the  powder  to  be  used,  or  that  has 
been  used  until  after  the  shots  have  been  exploded. 

5.  The  members  of  the  committee  or  conmiission  shall  tamp  and  fire  or  have  direct 
supervision  of  the  tamping  and  firing  of  all  shots  during  any  test. 

6.  A  record  shall  be  kept,  giving  the  measurements  of  the  face,  the  number  of  shots 
fired,  the  amount  and  the  kind  of  powder  used,  together  with  the  comparative  condi- 
tion of  the  place  and  shots. 

7.  The  holes  drilled  shall  be  measured  and  inspected,  when  possible,  by  all  mem- 
bers of  the  committee  or  commission  and  shall  be  placed  as  nearly  as  possible  in  the 
same  direction  and  depth  in  order  to  insure  as  nearly  as  possible  similar  conditions 
and  chances  for  the  different  grains  or  brands  of  powder  to  be  tested. 

8.  In  judging  the  results  obtained  from  any  test  the  interests  of  the  miner  and 
operator  alike  shall  be  considered,  and  if  required  by  either  party,  a  record  of  the  tons 
of  coal  produced  and  the  quality  of  same  shall  be  kept. 

9.  The  conmuttee  or  commission  shall  have  the  right  to  require  the  sealing  of  any 
or  all  full  or  part  kegs  of  powder  in  the  mines  during  the  conducting  of  any  test  and  may 
adopt  any  other  rule  or  method  to  insure  that  no  other  powder  than  the  powder  used 
by  the  conmuttee  or  commission  will  count  or  figure  in  the  results  obtained  by  any 
test  made  by  them. 

10.  The  conmdttee  or  commission  shall  eliminate  entirely  the  participation,  openly 
or  otherwise,  of  men  directly  or  indirectly  representatives  of  any  powder  or  powder 
company.  In  the  event  of  a  powder  dispute  arising,  and  the  failure  of  either  side  to 
appoint  its  members  of  the  committee  or  conunission  herein  provided  for  within  seven 
days  after  the  complaint  is  filed,  the  State  president  of  the  organization  failing  to 
appoint  its  members  locally  shall  make  the  appointment  thereof  promptly  and  the 
committee  or  commission  so  appointed  shall  proceed  with  the  test  as  herein  provided. 
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In  cftse  the  committee  or  oommiflsion  fails  to  agree  after  a  test  has  been  made  locally, 
u  herein  provided,  the  said  joint  powder  commission  shall  assame  jurisdiction,  and 
the  whole  data  and  records  of  the  test  shall  be  submitted  to  and  be  reviewed  by  it, 
and  if  all  the  conditions  as  above  have  been  observed  in  conducting  the  test  it  shall 
lake  the  matter  up  for  final  decision  mih  power  to  make  any  further  test  it  may  deem 
necesBary.  It  is  understood  and  agreed  that  all  the  requirements  of  a  local  test  as 
above  must  be  complied  with  before  the  case  can  properly  come  before  the  joint 
powder  commission . 

Said  commission  may  investigate  shot  firing  devices,  the  merits  of  explosives  other 
than  powder,  and  the  use  of  other  mechanical  agents  than  explosives  for  the  produc- 
tion of  coal,  and  make  recommendations  to  the  two  organizations  concerning  the  same. 

It  is  understood  that  the  question  of  package  or  kegs  in  which  the  powder  is  shipped 
be  conaLdered  in  the  same  way  as  the  powder  itself.  That  the  joint  powder  commission 
will  have  access  to  the  powder  magazines  at  all  times  where  disputes  arise.  That  no 
Dew  shipments  of  powder  be  stored  on  top  of  powder  on  hand,  it  being  the  intent  to 
use  the  powder  in  the  order  in  which  it  is  received  at  the  mine. 

NoTB. — It  is  understood  that  the  operator  will  not  discriminate  against  any  powder 
dedred  by  the  miners  locaUy  which  meets  the  test  as  to  grade  and  quality  herein  pre- 
soibed,  provided  it  can  be  furnished  at  a  competitive  price  and  in  sufficient  quanti- 
ties for  the  successful  opemtion  of  the  mine. 

WOBKXNe  AQUBtXEJSrr  BETWEEN  OPEBATOB8  AKD  XINEBS.^' 

That  section  of  the  working  agreement  between  the  coal-mine 
operators  and  miners  of  Franklin  County  relative  to  the  use  of  explo- 
sives reads  as  follows: 

(a)  Whether  the  coal  is  shot  after  being  undercut  or  sheared  by  pick  or  machine, 
or  shot  without  imdercutting  or  shearing,  the  miners  must  drill  and  blast  the  coal  in 
KCQodance  with  the  State  mining  law  of  Illinois,  in  order  to  protect  the  roof  and 
timben  and  in  Hie  interest  of  general  safety.  Any  miner  who  clearly  violates  the 
letter  or  spirit  of  this  paragraph  may  be  discharged. 

(6)  The  system  of  paying  for  coal  before  screening  was  intended  to  obviate  the 
many  contentions  incident  to  the  use  of  screens,  and  was  not  intended  to  encourage 
unworkmanlike  methods  of  mining  and  blasting  coal,  or  to  decrease  the  proportion  of 
screened  lump,  and  the  operators  are  hereby  guaranteed  the  hearty  support  and  co- 
operation of  the  United  Bfine  Workers  of  America  in  disciplining  any  miner  who  from 
ignorance  or  carelessness,  or  other  cause,  fails  to  properly  mine,  shoot,  and  load  his 
coal. 

(c)  That  all  "bug  dust"  or  machine  coal  cuttings  when  practically  free  from  im- 
purities be  loaded  out  with  the  ''snubbings"  or  other  coal  so  as  to  produce  a  merchant- 
able  mine-run  coal. 

The  above  does  not  contemplate  any  change  in  the  present  method  of  handling 
"bug  dust"  or  machine  cuttings  in  Franklin  County,  or  other  mines  where  it  is  neces- 
■ry  to  load  same  out  before  shooting  the  coal,  as  a  protection  against  explosions  or  fire. 

Where  the  GperatoT  desires  the  "bug  dust "  loaded  out  separately  this  shall  be  done 
by  the  miner  working  in  the  place  during  his  regular  shift  at  the  regular  tonnage 
price  and  the  company  shall  furnish  cars  promptly  to  load  same. 

((f)  Wherever  it  is  practicable  the  miners  shall  shoot  the  coal  with  two  pounds  of 
powder  or  lees.    Where  a  dispute  arises  as  to  the  practicability  of  shooting  the  coal 

•  WcrUngigresmflnt  by  and  between  tbe  Illinois  Coal  Operators  Association,  the  Coal  Operators  Asso- 
•iation  of  the  Fifth  and  Ninth  Districts  of  Illinois,  and  the  Central  Illinois  Coal  Operators  A<!soriation» 
sod  the  United  ICine  Workers  of  America,  District  No.  12,  sec.  5. 
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■  • 

with  two  pounds  of  powder,  such  dispute  shall  be  taken  up  and  settled  by  the  two 
organizations  as  provided  in  thjs  contract. 

(e)  It  is  hereby  agreed  that  the  cost  of  firing  shots  during  the  life  of  this  contract 
shall  not  exceed  the  cost  per  ton  for  the  same  work  during  the  previous  contract.  It 
is  understood  that  this  clause  does  not  mean  that  the  operator  can  avoid  paying  for 
the  work  actually  necessary  to  be  done  by  the  shot  firers. 

It  is  also  agreed  that  there  shall  be  no  shot  nrers  in  mines  where  coal  is  undercut  by 
hand  or  machines,  except  as  mutually  agreed.  Where  conditions  in  the  past  have 
necessitated  shot  firers  they  will  be  continued;  where  conditions  develop  that  they 
are  not  necessary,  they  can  be  discontinued. 

(J)  The  shot  firers  shall  go  into  the  mine  two  hours  before  the  regular  quitting  time 
to  satisfy  themselves  by  examination  and  inspection  of  the  shots  to  be  fired  that  they 
have  been  properly  placed  and  prepared.  When  examining  shots  the  shot  firers 
shall  work  single;  when  firing  shots  they  shall  work  double. 

(%)  The  miners  shall  continue  to  assume  all  responsibility  heretofore  resting  upon 
them  for  the  care  of  the  working  places  and  the  proper  character  and  placing  of  the 
blasting  shots;  and  that  in  case  of  wet  holes  that  will  not  stand  if  chai^ged  and  tamped 
by  the  min»s,  the  shot  firers  will  attend  to  charging  and  tamping  said  holes. 

STATE  I.AW  IK  BEQABD  TO  43HOT  FIBEB8. 

The  Illinois  law  in  regard  to  shot  firers  (Coal  Mining  Laws  of  lUi- 
noiSi  sec.  19)  reads  as  follows: 

SHOT  FZBXB8  ZV  COAL  mSXa 

In  all  mines  in  this  State  where  coal  is  blasted,  and  where  more  than  two  pounds  of 
powder  is  used  for  any  one  blast;  and,  also,  in  all  minee  in  this  State  where  gas  is 
generated  in  dangerous  quantities,  a  sufficient  nimiber  of  practical,  expdnenced 
miners,  to  be  designated  as  shot  firers,  shall  be  employed  by  the  company,  and  at  ite 
axpense,  whose  duty  it  shall  be  to  inspect  and  do  all  the  firing  of  all  blasts,  prepared 
in  a  practical  workmanlike  manner,  in  said  mine  or  mines. 

The  shot  firers  shall,  immediately  after  the  completion  of  their  work,  post  a  notice 
in  a  conspicuous  place  at  the  mine,  in  which  shall  be  indicated  the  number  of  shots 
fired ;  also  the  number  of  shots  they  did  not  fire,  if  any,  specifying  the  number  of  the 
room  and  designation  of  the  entry,  and  giving  reasons  for  not  firing  same.  In  addition 
they  shall  also  keep  a  daily  permanent  record,  in  which  shall  be  entered  the  number 
of  shots  or  blasts  fired,  the  number  of  shots  or  blasts  failing  to  explode,  and  the  number 
of  shots  or  blasts  that  in  their  judgment  were  not  properly  prepared  and  which  they 
refuse  to  fire,  giving  reasons  for  same;  the  record  to  be  in  the  custody  of  the  mine 
managers  and  to  be  available  for  inspection  at  all  times  by  parties  interested. 

The  superintendent  or  mine  manager  shall  not  permit  the  shot  firers  to  do  any  blast- 
ing, exploding  of  shots,  or  do  any  firing  whatever  until  each  and  every  miner  and 
employee  is  out  of  the  mine  except  the  shot  firers,  mine  superintendent,  mine  manager, 
and  man  or  men  necessarily  engaged  in  charge  of  the  pumps  and  stables:  Provided, 
Junoever^  that  nothing  in  this  section  shall  be  construed  to  prohibit  the  eniployment  in 
such  mine  of  a  reasonably  necessary  niunber  of  men  during  such  time  for  the  purpose 
of  securing  the  workings  in  case  of  fire  therein. 

No  miner  or  other  person  shall  alter  or  change  any  drill  hole,  by  increasing  its  depth, 
diameter  or  otherwise,  after  the  same  shall  have  been  approved  by  the  shot  firer. 

No  shot  firer,  whether  voluntarily,  or  by  command  or  request  of  any  person,  shall 
fire  any  unlawful  shot,  or  any  shot  which  in  his  judgment,  exercised  as  aforesaid,  from 
his  inspection  thereof,  made  as  aforesaid,  shall  not  be  a  workmanlike,  proper,  and 
pcactical  shot. 
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Away  from  the  pillar  for  the  mine  bottom,  crosscuts  between  entries  shall  bo  made 
not  more  than  60  feet  apart  without  i>ermisaion  of  the  State  inspector  of  the  district 
and  then  only  in  case  of  "faults."  When  such  consent  is  giveni  brattice  or  other 
means  must  be  provided  within  60  feet  of  the  face  to  convey  the  air  to  the  working 
place  until  a  crosscut  is  opened  up. 

Vihen  undercut  or  sheared,  the  entry,  crosscut  and  room  neck  may  be  advanced 
concurrently,  but  not  more  than  one  cutting  shall  be  shot  in  the  room  neck  until 
the  crosscut  is  finished;  and  after  the  entry  has  advanced  15  feet  beyond  the  location 
of  the  new  crosscut,  only  one  shot  shall  be  fired  in  the  entry  to  two  in  either  or  both 
the  crosscut  and  room  neck  at  the  same  shooting  time. 

When  not  undercut  or  sheared,  the  entry  and  crosscut  may  be  advanced  concur- 
rently, but  no  room  shall  be  opened  in  advance  of  the  last  open  crosscut,  and  after 
the  entry  has  advanced  15  feet  beyond  the  location  of  a  new  crosscut  only  one  shot 
ahallr  be  fired  in  the  entry  to  two  in  the  crosscut  at  the  same  shooting  time. 

Not  more  than  three  shots  shall  be  exploded  at  one  shooting  time  ahead  of  the  last 
open  crosscut. 

TOLEBAKGES  FOB  FEBMIS8ZBLE  BXPLOSIVES. 

At  a  conference  on  June  7,  1915,  between  manufacturers  of  ex- 
plosives and  ei^neers  and  chemists  of  the  Federal  Bureau  of  Mines 
an  agreement  was  reached  providing  for  reasonable  limits  of  variation 
or  ^'tolerances"  in  the  results  of  analyses  and  tests  of  permissible 
explosives.  If  these  tolerances  are  exceeded  by  a  given  lot  of  any 
permissible  explosive  it  is  not  permissible.  The  tolerances  established, 
which  were  made  effective  July  1,  1915,  have  been  published  in 
Bulletin  96  ^  of  the  bureau,  and  are  as  follows: 

In  order  to  define  more  exactly  what  is  meant  by  the  phrase  "similar  in  aU  respects  " 
in  the  definition  of  a  permissible  explosive,  namely,  "an  explosive  is  called  a  per- 
misBible  explosive  when  it  is  similar  in  all  respects  to  the  sample  that  passed  certain 
tests  by  the  United  States  Bureau  of  Mines,  and  when  it  is  used  in  accordance  with 
the  conditions  prescribed  by  this  bureau, "  the  following  tolerances  are  reconmiended 
for  field  samples  or  manufacturers'  samples  of  explosives,  beyond  which  such  lot  of 
explosives  can  not  vary  and  still  be  considered  pemussible  for  use  in  coal  mines: 
Provided,  That  where  the  Bureau  of  Mines  finds  a  sample  which  does  not  come  up 
to  the  tolerance  limits,  the  bureau  shall  simply  declare  that  particular  lot  of  explosives 
not  pennisaible,  and  a  copy  of  the  notification  to  the  consumer  or  owner  shall  be 
furnished  the  manufacturer,  the  notification  to  state  that  the  explosive  did  not  meet 
the  tolerance  requirements  for  moisture  or  ingredients,  etc.,  as  the  case  might  be. 

Chemical  analyM, — ^Moisture,  to  be  fixed  by  a  sliding  scale  of  from  1}  per  cent  at 
sero  to  4  per  cent  at  10  per  cent  of  moisture  in  original  sample,  this  tolerance  being 
on  total  percentage  of  moisting  in  the  explosive. 

Other  ingredients  (or  their  equivalents)  in  quantities  not  exceeding  60  per  cent, 
according  to  curve  (shown  in  fig.  17).  For  ingredients  in  quantities  of  60  per  cent  or 
more,  the  tolerance  shall  be  plus  or  minus  3  per  cent:  Provided,  That  the  ingredients 
of  a  permissible  explosive  shall  be  considered  to  be  those  substances  reported  as 
found  by  the  Bureau  of  Mines  in  the  original  sample  of  that  explosive  submitted 
for  test  as  to  its  permissibility:  And  provided  further,  That  an  equivalent  shall  be 
comidered  to  be  a  substance  which  would  not  materially  alter  the  properties  of  the 
explosive  and  which  would  produce  the  same  result  as  the  original  substance. 

«  Stomi,  C.  O.,  The  analysis  of  penniaslble  eiqplosives:  Bull.  96,  Buroaa  of  Mines,  1016,  pp.  80-^1. 
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Products  of  combustion  (determined  by  Bichel  gage  tests). — ^The  volume  of  poison- 
ous gases  from  680  grams  of  the  explosive,  including  its  wrapper,  must  be  less  than 
158  liters,  except  that  in  case  the  first  test  yields  158  liters  or  more  of  poisonous  gases 
per  680  grams  of  the  explosive,  including  its  wrapper,  the  average  result  of  three 
tests  agreeing  within  5  per  cent  of  each  other  shall  be  taJcen,  and  no  explosive  shall 
remain  permissible  when  this  average  for  poisonous  gases  exceeds  the  above  standard 
limit. 

Phytical  testa.o — 

Rate  of  detonation  (the  average  of  three  trials  with  Mett^gang's  recorder),  plus  or 
minus  15  per  cent. 

Unit  deflective  chaige  (the  average  of  three  trials  with  the  ballistic  pendulum), 
plus  or  minus  10  per  cent. 

Grams  of  wrapper  per  100  grams  of  explosive,  plus  or  minus  2.0  grams  (aven^  of 
four  determinations):  Provided,  That  the  manufacturers  shall  submit  samples  of  all 
different  sizes  of  cartridges,  to  be  considered  as  part  of  the  original  sample,  the  amount 
of  wrapper  to  be  determined  for  each  size  of  sample:  And  provided furiherf  That  the 
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QUANTITY  OF  CONSTITUENT,  PER  CENT. 
FiOTTBB  17.— Carve  of  Umlt  yarlation  In  oomposition  of  permissible  explosives. 

tolerance  as  sug^^ested  shall  be  determined  in  comparison  with  the  various  diameten 
of  samples  as  submitted  with  the  original  sample. 

Apparent  specific  gravity  of  cartridge,  by  sand,  plus  or  minus  7.5  per  cent  (average 
of  four  determinations):  Provided,  That  actual  density  shall  be  determined  on  car- 
tridges of  the  same  diameter  as  the  standard:  And  provided  further,  Thatmanu^turers 
shall  be  required  to  submit  samples  of  all  sizes. 

Gas  and  dust  gallery  No.  1. — No  ignition  must  be  obtained  in  each  of  one  or  more 
trials.  Note:  In  the  retesting  of  permiasible  explosives  by  tests  1,  3,  and  4,^  the 
chai:?es  of  the  explosives  fired  will  be  reduced  10  per  cent  in  weight  from  the  weights 
originally  used  in  ordar  to  eliminate  any  likelihood  of  a  failure  being  due  to  the 
natural  variations  in  the  gallery  conditions. 

«  Pendulum  friction  test. — Each  explosive  must  pass  a  test  of  10  trials  under  the 
same  conditions  as  originally  tested,  except  that  the  height  of  fall  of  the  wood-fiber 
shoe  will  be  reduced  by  10  per  cent  in  order  to  eliminate  any  likelihood  of  a  failure 
being  due  to  the  natural  variations  in  test  conditions. 

a  For  methoi  of  mVdng  tbese  tests,  see  Hall,  Clarence,  and  HowbU,  8.  P.,  Tests  of  permissibleezplQSlves: 
Bull.  60,  Bureau  of  Mines,  1913,  313  pp. 
»  Hall,  C,  and  Howell,  S.  P.,  Work  quoted,  p.  303. 
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BUBS  ATT  OF  MINES  TESTS  OF  FEBMISSZBLE  EXPLOSIVES. 

The  conditions  under  which  manufacturers  may  submit  explosives 
for  test  by  the  Bureau  of  Mines  to  determine  their  permissibility,  tho 
fees  chai^d  for  the  tests,  and  the  test  requirements  of  permissible 
explosives  are  set  forth  in  Schedule  1  **  of  the  bureau. 

cce^DmoNs  under  which  tests  will  be  made. 

The  conditions  under  which  the  Bureau  of  Mines  will  test  explo- 
sives to  determine  whether  they  shall  be  placed  on  its  list  of  permis- 
sible explosives  are  as  follows: 

L  The  manufacturer  or  applicant  desiring  tests  to  be  made  is  to  deliver  to  the 
Bureau  of  Mines,  Fortieth  and  Butler  Streets,  Pittsburgh,  Pa.,  three  weeks  prior  to 
date  set  for  tests,  100  pounds  of  each,  explosive  that  he  desires  to  have  tested.  He  is 
to  be  responsible  for  the  care,  handling,  and  delivery  of  this  material  to  the  testing 
station,  and  if  he  desires  he  may  have  a  representative  present  during  the  tests.  In 
order  to  avoid  duplication  of  work,  it  is  requested  that  the  smallest  size  of  cartridge 
that  he  intendis  to  place  on  the  market  be  sent  for  these  tests. 

2.  No  one  is  to  be  present  at  or  participate  in  these  tests  except  the  necessary  Gov- 
ernment officers  at  the  experiment  station,  their  assistants,  the  representative  of  the 
manoCacturer  of  the  explosives,  or  the  applicant  desiring  tests  to  be  made. 

3.  These  tests  will  be  made  in  the  order  of  the  receipt  of  the  applications  for  them 
provided  the  necessary  quantity  of  the  explosive  is  delivered  at  the  experiment 
station  by  the  date  set,  of  which  date  due  notice  will  be  given  by  the  Bureau  of  Mines. 

4.  A  list  of  the  explosives  that  pass  certain  requirements  satisfactorily  wUl  be  fur- 
nished to  the  State  mine  inspectors  in  the  several  States  and  will  be  made  public  in 
BQch  manner  as  may  be  considered  desirable. 

5.  The  details  of  results  of  tests  are  to  be  considered  confidential  and  are  not  to  be 
made  public  prior  to  official  publication  by  the  Bureau  of  Mines. 

6.  From  time  to  time  field  samples  of  permissible  explosives  will  be  collected,  and 
tests  wOi  be  made  of  these  explosives  as  they  are  supplied  for  use  in  coal  mines  in  the 
various  States.  Field  samples  collected  in  original  shipping  case  will  be  tested  for 
their  permissibility  and  will  be  analyzed;  the  proportion  of  each  ingredient  of  the 
explosive  must  agree,  within  a  reasonable  variation,  with  that  in  the  original  sample 
eabndtted  for  tests.  ^ 

TEST  BEQUIBEMENTS   OF  PERMISSIBLE    EXPLOSIVES. 

The  tests  will  be  made  by  the  engineers  of  the  Bureau  of  Mines  in  gas  and  dust 

gallery  No.  1  at  Pittsburgh,  Pa.,  or  in  one  of  the  identical  galleries.    The  charge  of 

explosive  to  be  fired  in  tests  1  and  3  shall  be  equal  in  deflective  power,  as  determined 

by  the  ballistic  pendulum,  to  one-half  jwund  (227  grams)  of  40  per  cent  nitroglycerin 

dynamite  in  its  original  wrapper,  of  the  following  formula: 

Per  cent. 

Nitroglycerin 40 

Nitrate  of  soda  (sodium  nitrate) 44 

Wood  pulp 15 

Qarbonate  of  lime  (calcium  carbonate) 1 

100 

•  Fees  for  tosting  explosives  and  conditions  and  reciulremcn  ts  under  which  explosives  are  tc55ted:  Schedule 
l^BoxMo  of  Mines,  1913,  pp.  1-7. 
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Each  charge  shall  be  fired  with  an  electric  detonator  (exploder  or  cap)  stroog  enouc^ 
to  completely  detonate  or  explode  the  chaige,  as  recommended  by  the  manufacturer. 
The  explosive  must  be  in  such  condition  that  the  chemical  and  physical  tests  do  not 
show  any  xmfavorable  results. 

An  explosive  will  be  considered  unsatisfactory  if  it  is  not  chemically  stable,  if  it 
shows  leakage  of  nitroglycerin,  or  if  it  is  in  sudi  condition  that  exudation  of  nitro- 
glycerin would  occur  in  handling  or  transportation. 

A  6S0-gram  (l^-pound)  charge  of  explosive  must  not  evolve  158  liters  (C)  cubic  feet) 
or  more  of  poisonous  gases  as  determined  by  gage  tests.  The  poisonous  gases  that  are 
likely  to  be  evolved  on  explosion  are  carbon  monoxide,  hydrogen  sulphide,  and 
nitrogen  oxides. 

Explosives  that  are  of  such  strength  as  to  require  more  than  6S0  grams  (1)  pounds) 
to  satisfactorily  break  down  coal  under  normal  conditions  of  mining  will  be  considered 
unsatisfactory.  This  is  determined  by  the  imit  deflective  charge  (establizhcd  with 
the  ballistic  pendulum)  which  shall  not  exceed  454  grams  (1  pound). 

An  explosive  will  be  considered  'unsatisfactory  ii  in  the  course  of  the  official  tests 
two  or  more  charges  fail  to  detonate  or  explode  completely,  or  if  after  two  months' 
storage  at  the  Pittsburgh  experiment  station  two  or  mpre  cartridges  fail  to  detonate  or 
explode  completely  when  fired  separately  with  a  suitable  detonator. 

An  explosive  will  be  considered  unsatisfactory  if  it  is  too  sensitive  to  frlctional 
impact  (a  glancing  blow).  This  sensitiveness  will  be  determined  with  the  pendulum 
friction  device  with  the  shoe  buced  with  fiber. 

In  order  that  the  dust  used  in  tests  3  and  4  may  be  of  the  same  quality,  it  is  always 
taken  from  the  same  mine,  ground  to  the  same  fineness,  and  used  while  still  fresh. 

The  following  are  the  gallery  tests  to  which  are  subjected  the  explosives  that  the 
Bureau  of  Mines  is  asked  to  place  in  the  list  of  permissible  explosives: 

Test  1. — ^Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrapper, 
shall  be  fired,  each  tamped  with  1  pound  ^  of  clay  stemming,  at  a  gallery  temperature 
of  77^  F.,  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  gas  (methane  and 
ethane).  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  ten  shots 
ignites  this  mixture. 

Tat  S, — ^Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrapper, 
shall  be  fired,  each  tamped  with  1  pound  <^  of  clay  stemming,  at  a  gallery  temperature 
of  77°  F.,  into  40  pounds  of  bituminous  coal  dust,  20  pounds  of  which  is  to  be  dis- 
tributed uniformly  on  a  wooden  bench  placed  in  front  of  the  cannon  and  20  pounds 
placed  on  side  shelves  in  sections  4,  5,  and  6.  An  explosive  is  considered  to  have 
pawed  the  test  if  no  one  of  the  ten  shots  ignited  this  mixture. 

Test  4- — Five  shots  each  with  a  l}-pound  charge,  in  its  original  wrapper,  shall  be 
fired  without  stemming,  at  a  gallery  temperature  of  77°  F.,  into  a  mixture  of  gas  and 
air  containing  4  per  cent  of  gas  (methane  and  ethane)  and  20  pounds  of  bituminous 
coal  dust,  18  pounds  of  which  is  to  be  placed  on  shelves  along  the  sides  of  the  first 
20  feet  of  the  gallery  and  2  pounds  to  be  so  placed  that  it  will  be  stirred  up  by  an  air 
current  in  such  manner  that  all  or  part  of  it  will  be  suspended  in  the  first  division  of 
the  gallery.  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  five 
■  shots  ignites  this  mixture. 

EXPLOSIVE  NOT  TO  BE  CONSIDERED  PERMANENTLY  PERMISSIBLE. 

It  must  not  be  supposed  that  an  explosive  that  has  once  passed  the  required  test 
and  has  been  published  in  lists  of  permissible  explosives  is  always  thereafter  to  be  con- 
sidered a  permissible  explosive,  regardless  of  its  condition  or  the  way  in  which  it  is 
used.    Thus,  for  example,  an  explosive  named  in  the  permissible  list,  if  kept  in  a 

o  Two  pounds  of  day  summing  is  used  with  slow^buming  explosives. 
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moist  {dace  until  it  undergoes  a  change  in  character,  is  no  longer  to  be  considered  a 
parmlaBible  explosive.  If  used  in  excess  of  the  quantity  specified  (1}  pounds),  it  ir 
not,  when  so  used,  a  permissible  explosive.  And  when  the  other  conditions  have  been 
met,  it  is  not  a  permissible  explosive  if  fired  with  a  detonator  of  leas  efficiency  than 
that  prescribed. 

Moreover,  even  when  all  the  prescribed  conditions  have  been  met,  no  permissible 
explosive  should  necessarily  be  considered  as  permanently  being  a  permissible  explo- 
sive, but  any  permissible  explosive,  whenr  used  under  the  prescribed  conditions,  may 
properly  continue  to  be  considered  a  permissible  explosive  until  noJice  of  its  with- 
drawal or  removal  from  the  list  has  been  officially  published,  or  until  its  name  is 
omitted  from  a  later  list  published  by  the  Bureau  of  Mines. 

Furthermore,  the  manufacturers  of  a  permissible  explosive  may  withdraw  it  at  any 
time  when  introducing  a  new  explosive  of  superior  qualities.  And  after  further 
experiments  and  conferences  the  Bureau  of  Mines  may  find  it  advisable  to  adopt 
additional  and  more  severe  tests  to  which  all  permissible  explosives  may  be  subjected, 
in  the  hoi>e  that  through  the  use  of  such  explosives  only  as  may  pass  the  more  severe 
tests,  the  lives  of  miners  may  be  better  safeguarded. 


PUBLIGATIOirS  Oir  IirVESTIGATIOirS  OF  EXPLOSIVES. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Alines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  pubUcations  can  not  be 
granted,  and  to  iosure  equitable  distribution  apphcants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  inter- 
est to  them.  Requests  for  pubhcations  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  pubUcations 
available  for  free  distribution  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

• 

PUBLICATIONS  AVAILABLE    FOE   FREE  DISTRIBUTION. 

BuUiETiM  15.  InvestigatioiiB  of  exploeives  used  in  coal  mines,  by  Clarence  Hall, 
W.  0.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
buijji,  by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.  1911.  197  pp.,  7 
plfl.,  5  figs. 

Bulletin  17.  A  primer  on  exploeives. for  coal  miners,  by  G.  E.  Munroe  and  Clarence 
Hall.    61  pp.,  10  pb.,  12  figs. 

Bulletin  48.  The  selection  of  exploeives  used  in  engineering  and  mining  opera- 
tions, by  Claience  HaU  and  S.  P.  Howell.    1914.    50  pp.,  3  pis.,  7  figs. 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence 
Hall  and  S.  P.  Howell.    1913.    73  pp.,  7  pis.,  5  figs. 

Bulletin  66.  Tests  of  penniseible  explosives,  by  Clarence  Hall  and  S.  P.  Howell. 
1913.    313  pp.,  1  pi.,  6  figs. 

Bulletin  80.  A  primer  on  exploeivee  for  metal  miners  and  quarrymen,  by  C.  £. 
Munroe  and  Clarence  Hall.    1915.    125  pp.,  51  pis.,  17  figs. 

Bulletin  96.  The  analysis  of  permissible  explosives,  by  C.  G.  Storm.  1916.  88 
pp.,  3  pis.,  7  figs. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperatiure  and 
pressure,  by  W.  O.  Snelling  and  W.  C.  Cope.    1912.    28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squiba,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    19  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snell- 
ing and  C.  G.  Storm.    1912.    14  pp.,  1  pi.,  2  figs. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  0.  Snelling  and  Clarence  Hall.    1912.    20  pp.,  11  figs. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  exploeives,  by  Clarence 
Hall  and  S.  P.  Howell.    1912.    34  pp.,  1  pi.,  5  figs. 

Technical  Paper  52.  Permissible  explosives  tested  prior  to  March  1,  1913,  by 
Clarence  HaU.    1913.    11pp. 
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Tbchnigal  Fafbb  G9.  Prodaction  of  explodves  in  the  United  States  during  the 
calendar  year  1912,  compiled  by  A.  H.  Fay.    1914.    8  pp. 

Technical  Paper  71.  Permissible  explosives  tested  prior  to  January  1,  1914,  by 
Clarence  Hall.    1914.    12  pp. 

Technical  Paper  78.  Specific-gravity  separation  applied  to  the  analysis  of  mining 
explosives,  by  C.  G.  Storm  and  A.  L.  Hyde.    1914.    14  pp. 

Technical  Paper  89.  Coal-tar  products  and  the  possibility  of  increasing  their 
manufactiu-e  in  the  United  States,  by  H.  C.  Porter,  with  a  chapter  on  coal-tar  products 
used  in  explosives,  by  C.G.  Storm.    1915.    21pp. 

Technical  Paper  100.  Permissible  explosives  tested  prior  to  March  1,  1915,  by 
S.  P.  HoweU.    1916.    16  pp. 

Technical  Paper  125.  The  sand  test  for  determining  the  strength  of  detonators, 
by  C,  G.  Storm  and  W.  C.  Cope.    1916.    68  pp.,  2  pis.,  5  figs. 

Technical  Paper  145.  Sensitiveness  to  detonation  of  trinitrotoluene  and  tctranL 
tromethylanilin,  by  G.  B.  Taylor  and  W.  C.  Cope.    1916.    11  pp. 

Technical  Paper  146.  The  nitration  of  toluene,  by  E.  J.  Hoffman.    1916.    32  pp. 

Technical  Paper  159.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1915,  with  notes  on  coal-mine  accidents  due  to  explosives,  and  a  list 
of  permissible  explosives,  lamps,  and  motors  tested  prior  to  June  1, 1916,  compiled  by 
A.  H.  Fay.    1916.    24  pp. 

Miners'  Circxtlar  7.  Use  and  misuse  of  explosives  in  coal  mining,  by  J.  J.  Rut- 
ledge,  with  a  preface  by  J.  A.  Holmes.    1913.    52  pp.,  8  figs. 

Miners'  Circular  19.  The  prevention  of  accidents  from  explosives  in  metal  min- 
ing, by  Edwin  Higg;ins.    1914.    16  pp.,  11  figs. 

PUBLICATIONS  THAT  MAY   BE   OBTAINED   ONLY   THROUGH   THE    8UPEK- 

INTENBENT  OP  DOCUMENTS. 

Bulletin  10.  The  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.    1912.    34  pp.,  5  pis.,  4  figs.    10  cents. 

Bulletin  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  O.  Snelling  and 
C.  G.  Storm.    1913.    80  pp.,  5  pis.,  5  figs.    10  cents. 

Technical  Paper  85.  I^oduction  of  explosives  in  the  United  States  during  the 
calendar  year  1913,  compiled  by  A.  H.  Fay.    1914.    15  pp.    5  cents. 

Technical  Paper  107.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1914,  with  notes  on  coal-mine  accidents  due  to  explosives,  compiled 
by  A.  H.  Fay.    1915.    16  pp.    5  cents. 

Miners*  CntcuLAR  6. — ^Permisaible  explosives  tested  prior  to  January  1,  1912,  aud 
precautions  to  be  observed  in  their  use,  by  Clarence  Hidl.    1912.    20  pp.    5  cents. 


INDEX. 


A.  Page. 

AoddaitB,  from  black  blasting  powder,  fre- 

qaencyof 91,93 

rdative dancer  of 92,93 

tram   permissible    explosives,    relative 

danger  of 91,93 

JEtm  coal  powder  B,  characteristics  of *7 

ftoaooalpowderCydiaiaoteristicsof 27 

AndroB,  S.  O.,  cited 72 

B. 

Baton,  IIL,mla6iieary  explosions  at 9,10,11 

mizijng meUiods used  in 23,23 

pennJsaible  explosives  used  in 22,23,24 

testsof 19 

Black  blasting  powder,  arrangement  of  drill 

holesfor 42 

flgdreshowing 42 

iB  cease  of  mine  fires 8,11,87 

<di3nsing  of,  provisions  regarding 95-97 

•faaraeterlstlc  action  of 16 

•oal  produced  b7,  relative  amount  of —  6^72 

sisesof 72 

eooditians  regarding  porchase 95 

duration  of  flame  of 14 

eifectofjonroof 89,90 

effect  of  heat  on 92 

flame  temperatm^  of 14 

rate  of  barning  of 17 

rilative  cost  of 70-72 

nse  of,  cmves  showing 4 

dangersin 1,11,12 

extent  of 3,5 

Bhek  Diamond  No.  ^A,  characteristics  of. .       27 
Black  Diamond  Na  6-L  F.,  characteri8tk» 

of 27 

Bbstiogcape.   ;9ee  Detonators. 

Btovn-oat  shots,  prevention  of 80 

"Bhae  bend"  in  No.  6  bed,  description  of . . . .     5,6 
BoBknir,  Bl.,  miae  at,  minhig  methods  used 

in 22,23 

permissible  explosives  used  in.  19, 22, 23, 24 

Borcaa  of  ICInes,  cooperation  with. VII,  1 

Bareaa  of  Mines  magazine,  construction  of, 

detailsof 30,32 

plan  and  sections  of,  figure  showing 31 

view  of 30 

Bnreaa  of  Mines  tiiaw  house ,  advantages  of . . .  32, 34 

coDatrootion  of 32, 34 

details  of,  figure  showing 33,35 

view  of 30 

C, 

OmtoB,  OL,  mine  at,  use  of  permlasible  ex- 
plosives in 24 

C«baii!teNo.3,characterlsticsof 27 

C*bQniteNo.5,charact«rfaticsof 27 


Flge. 

CarbooiteNo.O,oharaoteri8ticsoC^ 27 

Carriers  Mills,  HI.,  mine  at,  use  of  permivlble 

explosivesin 24 

Cartridges,  sizes  of ! 23,50 

Su  also  Primer. 
Centralia,  HI.,  mine  at,  use  of  permissible 

explosivesin 24 

Chain  machines,  undercutting  by,  average 

depth  of 22,77 

Christopher,  111.,  mines  at,  mining  methods 

used  In 22,23 

permissible  explosives  oaed  in 22-24 

tests  of 19 

Clay  for  stemming,  use  of 60,61, 

Coal,  sizes  of ,  foctors  aflecting 76 

relation  of,  to  explosives  used 08, 72, 94 

relative  proportions  of,  ftetocs  govern- 
ing  74,86 

Coal  bed,  structure  of,  relation  of,  to  cost  of 

minlTig 76 

See  alio  Coal  beds  named. 
Coal  dust,  exp^osibility  of,  tectors  governing. .       12 

for  stemming,  dangers  from 61 

Coal-dust  explosion,  causes  of K,  12 

costs  of 9 

Coal  fields  of  United  States,  permissible  ex- 
plosives used  in 28 

Coal  mines,  nongaseous,  explosions  at 12, 13 

See  also  Coal  mines  named. 
Coal  production,  relation  of,  to  cost  of  ex- 
plosives        68 

to  amount  of  explosive  used 46-56, 

66,67,70,71,72 

Cope,  W.  C,  acknowledgments  to 2 

Costs,  of  permissible  explosives,  determina- 
tion of 25,26 

relation  of,  to  tonnage  mined 56,68,94 

Crimper,  need  of 67 

D. 

Dartan,N.H.,  on  gas  in  Illinois  coal  mines..        7 
Dering  No.  11  mine.  111.,  tests  of  permissible 

explosivesat 19 

Dering  No.  18  mine.  111.,  tests  of  permissible 

explosives  at 18 

Detonation,  definition  of 16 

rate  of ,  definition  of 16 

Detonators,  care  in  handling  of 57 

cost  of 67,68 

relation  of,  to  coal  produced 66, 67 

cost  to  miners  of 37 

crimping  of,  method  of 57 

delivery  of ,  to  miners 37 

efficiency  of,  requirements  for 13 

packages  of,  size  of 37.3^ 

view  of 38 

proper  strength  of 37 

107 


108 


INDEX. 


Pag«. 

DetoDators,stQni0BoC.^ 37,38 

viewol 38 

See  alio  Electric  detonators. 

DeWolf,  F.  W.,  acknowledgments  to 2 

on  thickness  of  No.  6  bed 5 

Drill  holes,  arran^ment  of 41, 42, 46-50 

figures  showing 3l>-42 

method  of  loading 53.60 

method  of  placing 46-56, 83 

size  of 40 

wot,  tamping  of 61 

Drills.    8ce  Electricdrill;  Gripdrill;  Postdrill. 

Dunn,  James,  ackn^ledgments  to 2 

Dynamite,  characteristic  action  of 16 

danger  from  use  of 1 1 ,  12 

flame  temperature  of 14 

E. 

Egg  coal,  production  of,  relation  of,  to  ex- 
plosive used 72.73 

Eldorado,  III.,  mine  at,  mining  methods  used 

in 22.23 

permissible  explosives  used  in 20, 22, 23 

Electric  detonators,  cost  of 63, 67, 6S 

efficiency  of 13 

figure  showing 38 

inserted  in  primer,  figure  showing 58-60 

use  of 38.62 

advantages  of 62, 63 

view  of 38 

Electric  drills,  advantages  of 82 

Entries,  blasting  in,  cost  of 85 

cool  produced  in,  cost  of  explosives  for. . .  71, 72 

Explosives,  accidents  caused  by II 

charge  of,  amount  used  in 46^56 

cost  of,  relation  of,  to  coal  produced 67 

storage  of,  need  of  care  in 88 

regulations  regarding 34 

testing  of ,  regulations  regarding 96 

use  of, regulations  regarding 97,98 

See  ai»o  Black  blasting  powder;  Detona- 
tors; Electric  detonators;  Permissi- 
ble explosives. 

F. 

Farrlngton,  Frank,  acknowledgments  to 2 

Fire  runners,  elimination  of 93 

Fires,  mine,  causes  of 8, 87, 88, 89 

dinicultics  caused  by 86,87 

effect  of,  on  roof,  view  of 78 

prevention  of,  factors  in 87, 88 

Forsyth,  Robert,  tests  by 79 

Franklin  County,  a^oement  between  opera- 
tors and  miners  in 10 

ooal  mines  in,  development  of 7, 8 

explosions  in 8 

firing  of  shots  in,  results  of 46-56 

hand  mining  in 43 

method  of  snubbing  in 39 

use  of  permissible  explosives  in 8 

powder  magazines  in,  construction  of 29 

Fuse,  care  In  handling  of,  need  of 66 

cost  of,  relation  of,  to  ooal  produced 56 

crimping  of  detonator  on,  method  of 57 

storage  of ,  in  mines 37 


O.  Page- 

Oases  ftom  ezpksivQB,  rehtlva  amoant  of . . .      93 
Grayson,  111.,  mine  at,  tests  of  pennlssible  ex- 

plosivesin 2i 

Grip  drill,  view  of 6 

H. 

Hall,  Clarence,  on  advantagies  of  permissible 

explosives s^ 

on  rate  of  detonation  of  explosives 16 

Hanaford,  III.,  mine  at,  mining  methods 

used  in 22,2:i 

permissible  explosives  used  in,  de- 
tails of 22.2^} 

tests  of ly 

Harrisburg,  111.,  mine  at,  mining  methods 

used  in 22.2'» 

permissible  explosives  used  in...  20,22.23 
Hart-Williams  No.  1  mine.  111.,  tests  of  per- 
missible explosives  at 19 

Holbrook,  E.  A.,  cited 86 

Howell ,  S.  P. ,  acknowledgments  to 2 

on  rate  of  detonatkm  of  explosives ic 

T. 

Illinois,  coal  reserves  of 3 

mining  methods  in » .'    2, 3 

production  of  coal  in 2,3, 5 

ciuTos  showing 4 

Illinois  Geological  Survey,  cooperative  agree- 
ment with Ill,  I 

J. 
Jones,  J.  E.,  acknowledgments  to 2 

L. 

Lawrence,  Groce,  on  introduction  of  permis- 

sibl3  explosives 25 

Loader,  daily  production  of  coal  by 85 

Longwall  mining,  explosives  used  in.  amount 

of 5 

curves  showing 4 

Lump  ooal,  demand  for,  factors  governing ...  74 
production  of,  relation  of,  to  explosive 

used 72,73 

M. 

Marlon,  111.,  mine  at,  use  of  permissible  ex- 
plosives in 34 

Methane,  elTect  of,  on  explosllftlity  of  coal 

dust 12 

Mine-ite  6,  characteristics  of. 27 

Miner,  advantages  of  snubbing  to 78 

cost  of  permissible  explosives  to,  factors 

governing 25,26 

delivery  of  explosives  to 34,36 

working  agreement  of,  with  operators 97,98 

Mining  machines,  types  of 23, 39 

Minin<;,  hand,  method  of ^ 

" on  the  bench,"  advantages  of S 

disadvantage  of 82 

stages  in,  figure  showing SO 

tests  of 79,80 

resultsof 81 

Misfires,  causes  of ^5,66 

occurrence  of H^* 


IKDEX. 


109 


Pag«. 

KisflnB,  pferentlan  of,  methods  for 65|66 

proportion  of 65 

ModenrBll,  C.  H.,  acknowledgznents  to 2 

on  igreement  as  to  cost  of  permissible  ex- 
plosives        26 

Moistare,  efbct  of,  on  permissible  explosives      fiS 
MoDobd  No.  5,  dtiarscteristics  of 27 

N. 

New  mine,  IlL,  mining  methods  used  In ^  22 

use  of  permissible  explosives  at 20,24 

detaflsof 22 

Nitroglycerin  explosives,  advantages  of 15 

No.  1  bed,  111.,  extent  of,  figure  showing 21 

No.  3  bed,  IlL,  extent  of,  flgm«  showing 21 

Ko.  5  bed,  arransement  of  drill  holes  in,  figure 

showing 41 

characteristics  of 5 

extent  of,  figure  showing 21 

pbysical  structure  of 76 

prodactkm  of  coal  from 2 

roof  of,  character  of 91 

view  of 78 

No.  6  bed,  arrangement  of  drill  holes  in 42 

figureshowing 89,40 

dnncteristlcs  of 5,6 

ooal  dust  from,  inflammability  of 7 

esse  of  mining  of,  factors  governing 76 

extent  of,  figure  showing 21 

freshly  shot  ooaMn,  view  of 76 

oocunenoe  of  gas  in 7 

pRxiuetian  of  ooal  from 2 

roof  of,  view  of 6 

structure  of 76 

view  of 6 

No.  7  bed,  IlL,  extent  of,  figure  showing 21 

Nut  coal,  production  of,  relation  of,  to  explo* 

live  used 72.73 

O. 

Old  Ben  No.  8  mine.  111.,  use  of  permissible 

exploslvesin 19 

Old  Ben  No.  9  mine,  111.,  use  of  permissible 

explosivesin 19 

Opaaton,  working  agreement  of,  with  miners  97, 88 

Orient^  I]l.,mine  at,  mining  methods  used  in.  22,23 

use  of  permissible  explosives  in.  19,22,23,24 

P. 

PaoBBia,  ni.,  mine  at,  mining  methods  used 

in 22,23 

permissible  explosives  used  in 19, 22, 23 

hnosylvania,    introduction    of    "safety" 

blasting  explosives  in 13 

^ennisdble  explosives,  action  of 16-18 

advsntages  of 86,93,94 

snalysis  of,  requirements  for 99 

chsrscteiistics  of 14 

ebaigeof,distributianof 43.44 

figuresshowing 44 

factors  governing 43,83 

relation  to  coal  produced 46-56 

dSMBOf 15 

eosl produced  with 23.69-72 

of 72 


Page. 
Permissible  explosives,  oomposltton  of,  limit 

variation  of,  curves  showing.. 100 

cost  of,  relation  of,  to  ooal  produced 56, 

68,7<>.72,70 

definition  of 13, 14, 99 

early  manufscture  of 13 

ease  in  charging  of 08 

effect  of ,  on  roof 90,91 

effect  of  heat  on 92 

Illinois  coal  mines  using 1 

figureshowing 21 

mining  companies  using,  list  of 22 

overcharging  of,  objections  to 83 

permissibiUty  of,  effect  of  time  on 108,108 

production  of,  fSctors  governing 14, 15 

rateofdetons^onof 16,17 

spedfications  for,  law  regarding 29 

sticks  of ,  sises  of 83 

testsof 15,18-20,100,102 

oonditions  governing 101 

requirements  lor 101,108 

tohranoes  f or 99,100 

use  of. 5,13,14 

curves  showing 4 

resul  ts  of,  view  of 78 

8m  alto  Explosives. 

Post  drill,  view  of 0 

Powder  boxes  in  mines,  proper  use  of. 86 

Powder  commission,  appointment  of 95 

duties  of. 97 

personnel  of 95 

powers  of 95 

temporary  agreement  of 26 

Powder  magadne,  cement-mortar,  view  of . . .      30 

construction  of 29,30,82 

material  used  in 22,32 

plan  and  sections  of,  figure  showing 81 

views  of 80 

Primers,  methods  of  arranging,  figure  show- 
ing  58-60 

preparation  of 57,58 

Puncher  madiines,  undercutting  by,  average 

depth  of 22,77 

Rend,  111.,  mine  at,  mining  methods  used  ln.Z2,a3 

permissible  explosives  used  in 22,23 

testsof 19 

Rice,  O.S.,  acknowledgments  to 2 

cited ^...       13 

Roof,  effect  of  black  blasting  powder  on 89,90 

effect  of  permissible  explosives  on 90, 91 

Room-and-pUlar  mining,  extent  of. 8 

Rooms,  mine,  blasting  in,  relative  cost  of.  71,72,85 
Royalton,  111. ,  mine  at,  use  of  permissible  ex- 
plosives In 24 

Rutledge,  J.  J.,  acknowledgments  to S 

on  advantages  of  permissible  explosives.       86 

S. 

Saline  No.  3  mine,  HI.,  mining  methods  used 

in 22,28 

permissible  explosives  used  in 20,22,28 

regulations  regarding 20 

Savage,  T.  £.,  on  thickness  of  No.  6  bed 5 


Bulletin  138 


DEPARTMENT  OP  THE  INTERIOR 

FRANKLIN  K.  LANB.  SbcHtart 

BUREAU  OF  MINES 

VAN.  U.  MANNING.  DiKSCToK 


COKING  OF  ILLINOIS  COALS 


ILLINOIS  COAL-MINING  INVESTIGATIONS 
COOPERATIVE  AGREEMENT 

[Thtt  report  v»  prepared  under  ■  coopentlTC  icnement 


The  Bureau  of  Minee,  in  carrying  out  one  of  the  provisions  of  its  organic  act— to 
disseminate  information  concerning  investigations  made — ^prints  a  limited  free 
edition  of  each  of  its  publications. 

When  this  edition  is  exhausted  copies  may  be  obtained  at  cost  price  only  through 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C. 
The  Superintendent  of  Documents  is  not  an  official  of  the  Bureau  of  Mines,    His  is 
an  entirely  separate  office  and  he  should  be  addressed. 

Superintendent  of  Documents, 

GovermnenJt  Printing  Office^ 

Washington,  D,  C, 
The  general  law  under  which  publications  are  distributed  prohibits  the  giving  of 
more  than  one  copy  of  a  publication  to  one  person.    The  price  of  this  publication  ia 
20  cents. 


First  edition,     March,  1917. 


CONTENTS. 


Page. 

Introduction 7 

Scope  of  report 8 

Acknowledgments 8 

Division  of  the  State  into  coal  diBtricts 9 

Character  of  coking  procesB 9 

Present  conditians  r^arding  coking  of  Illinois  coals  and  future  prospects 11 

Extent  of  coke  production 11 

Quality  of  coke 11 

Method  of  judging  quality 12 

Coke  from  beehive  ovens 12 

Coke  from  by-product  ovens , 12 

Ufle  of  niinois  coke  in  metalliu^gy 13 

Domestic  use  of  Illinois  coke 13 

Use  of  coal  in  gas  retorts 14 

General  results  of  use  of  mixtures  of  Illinois  and  other  coals  for  making  coke. .  15 

Results  in  by-product  ovens 15 

Results  in  gas  retorts 16 

Effects  of  various  factors  on  coking  of  Illinois  coals 17 

Use  of  high  temperatures 17 

Addition  of  pitch 17 

Yield  of  by-products 17 

£f  ect  of  impurities  in  coal 18 

Need  of  washing  Illinois  coals 19 

Effect  of  crushing  cool 19 

Coking  property  of  Illinois  coals 20 

Illinois  coals  available  for  coke  making 20 

Character  of  Illinois  coals 21 

Geolpgic  features 21 

PhyBical  characteristics 21 

Chemical  characteristics 22 

Grouping  of  coals  according  to  composition 24 

Historical  review  of  coking  of  Illinois  coals 26 

Teetsreported  by  Luebbers 26 

Use  of  beehive  ovens  at  Murphysboro,  111 26 

Experiments  in  Sangamon  County 26 

Ovens  at  Equality,  111 27 

Ovens  near  Sparta,  111 27 

Leiter  experiments  in  South  Chicago 27 

Ovens  in  St.  Clair  County 28 

Experiments  near  Harrisburg,  111 28 

Detailed  results  of  coking  tests  of  Illinois  coals 28 

Scope  of  tests  reviewed 28 

Distribution  of  coals  tested 29 

Available  details  of  tests 29 

3 


4  CONTENTS. 

Detailed  results  of  coking  tests  of  Illinois  coals — Continued.  Page. 

Tests  in  beehive  ovens 30 

Ovens  at  Seaser,  111 30 

Coking  tests  made  by  United  States  Geological  Survey 30 

Tests  of  Franklin  County  coal  at  Republic,  Pa 35 

Coking  tests 35 

Conclusions 35 

Use  of  coke  in  blast  furnace 36 

Coking  tests  at  Linton,  Ind 36 

Tests  in  by-product  ovens 37 

Detailed  results  of  tests 37 

Testl 38 

Test  2 38 

Test  3 39 

Test  4: 41 

Tests 41 

Test  6 42 

Test  7 43 

Tests : 44 

Test  9 44 

Test  10 45 

Test  11 46 

Test  12 47 

Test  13 47 

Test  14 48 

Tests  15  to  46 49 

Tests  of  Illinois  coals  in  gas  retorts 54 

Tests  at  St.  Louis,  Mo , 54 

Test  1 '. 54 

Test  2. 56 

Test  3 57 

Test  4 59 

Test  as  Ann  Arbor,  Mich 60 

Test  at  De  Kalb,  111 61 

Use  of  Illinois  coal  with  Eastern  gas  coal 62 

Results  of  plant  tests 63 

Water  gas  from  Illinois  coal 64 

Selected  bibliography .• 65* 

Publications  on  the  utilization  of  coal  and  lignite 66 

Index 69 


TABLES. 

Page. 

Table  1.  Average  analyses  of  Illinois  coals  arranged  by  districts 23 

2.  Average  analyses  of  Illinois  coals  arranged  according  to  fixed  carbon 

content  on  the  moisture-free  and  ash-free  basis 24 

3.  Distribution  of  coals  tested 29 

4.  Results  of  coking  tests  made  by  United  States  Geological  Survey. . .  32 

5.  Results  of  coking  tests  of  Franklin  County  coal  at  Linton,  Ind 37 

6.  Results  of  by-product  coking  tests  15  to  46 50 

7.  Results  of  using  in  different  gas  plants  one-third  Illinois  coal  and  two- 

thirds  Eastern  gas  coal 63 


ILLUSTRATIONS, 


Puts       I.  A,  Lump  of  southern  IIlinoiB  coal,  from  Franklin  County;  By 
Coke  &om  20  per  cent  Illinois  (district  6,  bed  6)  coal  and  80 

per  cent  low-volatile  coal 16 

II.  Section  from  near  center  of  lump  of  coal  shown  in  Plate  I,  ^ 22 

III.  A,  Coke  from  100  per  cent  Illinois  (Franklin  County,  district  6, 
bed  6)  coal;  B,  Coke  from  100  per  cQnt  Illinois  (district  6,  bed 

6)  coal 42 

lY.  Coke  from  20  per  cent  Illinois  (district  6,  bed  6)  coal  and  80  per 

cent  low-volatile  coal 44 

v.  Coke  from  20  per  cent  Illinois  (district  6,  bed  6)  coal  and  80  per 

cent  low-volatile  coal 44 

Vl.  Coke  from  100  per  cent  Illinois  (district  6,  bed  6)  coal 46 

VII.  Coke  from  100  per  cent  Illinois  (district  7,  bed  6)  coal 46 

VIII.  Coke  from  20  per  cent  Illinois  (district  7,  bed  6)  coal  and  80  per 

cent  low-volatile  coal 48 

IX.  Coke  from  100  per  cent  Illinois  (district  6,  bed  6)  coal 48 

X.  Coke  from  20  per  cent  Illinois  (district  6,  bed  6)  coal  and  80  per 

cent  low-volatile  coal 54 

XI.  Coke  from  100  per  cent  Illinois  (district  6,  bed  6)  coal 54 

FiouBE  1.  Map  of  Illinois,  showing  coal  districts  adopted  under  the  coopera- 
tive agreement 10 

6 


COKING  OF  lUINOIS  COALS. 


By  F.  K.  Ovrrz. 


iirrsoDTJCTioir. 

In  its  endeavor  to  promote  a  more  efficient  use  of  coal  the  Bureau 
of  Mines,  iii  cooperation  with  the  Illinois  State  geological  survey  and 
the  University  of  lUinoiSi  has  undertaken  an  investigation  of  the 
coking  of  Illinois  coals.  The  investigation  was  started  by  collecting 
from  various  sources  the  data  regarding  experiments  already  made  by 
others;  these  data  have  been  compiled  and  are  presented  herein. 

The  present  methods  of  using  coal  seem  wasteful.  When  coal  is 
burned  in  furnaces  for  the  generation  of  steam,  only  the  heat  gener- 
ated by  the  fuel  is  utilized;  possible  by-products  are  not  only  lost  but 
frequently  are  the  source  of  the  smoke  nuisance.  The  volatile  matter 
containing  the  tar  and  heavy  hydrocarbon  gases  is  difficult  to  bum 
completely  in  many  furnaces,  and  its  decomposition  produces  black 
smoke.  When  coal  is  coked  in  a  by-product  oven,  the  volatile  matter 
is  no  longer  a  nuisance  but,  on  the  contrary,  is  the  source  of  many 
by-products,  including  benzol,  toluol,  gas,  tar,  anmionia,  and  cyano- 
gen, all  of  which  increase  the  value  that  may  be  obtained  from  coal. 

The  coke  that  remains  after  the  volatile  matter  has  been  driven  off 
is  a  valuable  fuel  that  can  be  used  for  almost  all  purposes  for  which 
bituminous  coal  can  be  used,  and  it  is  necessary  for  some  metallurgical 
work.  It  has  about  the  same  heating  value  as  anthracite  coal. 
Because  of  its  cleanness  and  its  burning  without  smoke,  it  is  well 
suited  for  domestic  heating  and  the  generation  of  steam  in  plants 
where  smokelessness  is  demanded.  The  use  of  coke  for  these  pur- 
poses would  do  much  to  eliminate  smoke  in  cities.  The  best  grades 
are  regarded  as  essential  in  many  metallurgical  processes  for  reduc- 
ing ores  to  their  metals. 

By-product  cokjng  in  the  United  States  during  the  past  three  years 
has  increased  greatly.  When  the  ovens  now  in  course  of  construction 
are  completed,  the  total  capacity  of  by-product  ovens  will  be  more 
than  double  what  it  was  in  1913.  This  increase  has  led  to  a  search 
for  coals  other  than  those  now  known  to  be  available  for  use  in  by- 
product ovens.    Tests  with  coals  from  the  southern  part  of  Illinois 
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have  indicated  that  coke  from  Illinois  coal  unmixed  with  other  coals 
can  be  used  for  fuel  purposes  and  that  coke  from  mixtures  of  Illinois 
coal  with  low-volatile  coking  coal  might  be  suitable  for  some  metal- 
lurgical work.  In  the  tests  the  yield  of  ammonia  was  larger  than  is 
obtained  from  Eastern  **  coal. 

Evidently  the  development  of  methods  by  which  good  coke  can  be 
made  from  Illinois  coals  and  the  by-products  recovered  is  a  matter  of 
high  importance.  Any  investigation  that  will  indicate  how,  by  proper 
treatment,  these  coals  can  be  made  available  to  supply  the  market 
for  coke  and  gas  in  the  Middle  West  will  increase  efficiency  in  their 
use^  and  wiH  aid  in  conserving  the  country's  supply  of  high-grade 
coking  coal. 

SCOPE  OF  SEPOST. 

The  first  part  of  this  report  outlines  the  present  factors  in  the 
problem  of  coking  Illinois  coals  and  points  out  the  future  prospects. 
The  quality  of  coke  from  Illinois  coak  alone,  and  from  mixtures  of 
ULLnois  coals  with  low-volatile  coak  is  described,  and  the  uses  for 
which  the  coke  is  suitable  are  discussed.  The  gas-making  properties 
and  the  value  of  the  coals  for  making  by-products  are  noted.  Desir- 
able methods  of  preparation  of  the  coals,  the  impurities  in  them,  and 
the  effect  of  the  impurities  on  the  value  of  the  coals  for  coke  and  gas 
making  are  considered. 

The  second  part  of  the  report  deals  with  the  character  of  Illinois 
coals,  their  nature,  physical  properties,  and  chemical  composition. 
The  nonhomogenous  structure  of  the  coal,  the  variation  in  composi- 
tion of  different  beds,  and  even  of  the  same  bed  in  different  loc^ties 
are  pointed  out.  Those  districts  in  which  the  coals  contain  the  smaller 
amounts  of  impurities  and  are  more  favorable  for  coking  are  grouped 
together. 

The  last  part  describes  the  tests  made  and  gives  detailed  results. 
The  tests  are  considered  under  three  classes — those  with  beehive 
ovens,  those  with  by-product  ovens,  and  those  vnih.  gas  retorts.  The 
details  are  as  complete  as  the  material  available  permits.  The  results 
of  a  few  tests  of  the  coke  for  furnace  or  other  use  are  given. 
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and  H.  H.  Stoek,  professors  in  the  University  of  Illinois,  for  informa- 
tion on  Illinois  coals  and  assistance  in  obtaining  data. 

DIYISIOV  OF  THE  STATE  IVTO  COAL  DISTRICTS. 

For  the  purpose  of  designating  and  grouping  the  coals,  the  State 
has  been  divided  into  eight  districts  as  shown  in  figure  1.  The  dis- 
tricting adopted  by  the  Illinois  Coal  Mining  Investigations,'^  based 
on  ge<^aphical  location  of  the  coals  and  on  their  physical  and  geo- 
logical condition,  is  used. 

The  source  of  the  coal  is  given  by  county,  district,  and  bed,  allow- 
ing a  general  grouping  of  the  results  of  the  tests  without  giving  the 
names  of  the  mines  from  which  coal  was  taken.  Although  this 
method  of  designation  seems  to  show  that  many  of  the  tests  cover 
the  same  coal,  they  actually  represent  different  mines  working  the 
same  bed  in  different  parts  of  a  county  or  district.  In  some  tests,  as 
those  by  the  United  States  Geological  Survey,  the  location  of  the  mine 
is  given  as  it  has  previously  been  published.  The  numbers  desig- 
nating the  beds  are  those  used  by  the  Illinois  Geological  Survey. 

The  districts  shown  in  figure  1  do  not  contain  quite  all  the  mines 
worked  in  the  State,  but  98.3  per  cent  of  the  tonnage  is  produced 
in  them.  In  1912  districts  7,  6, 4,  and  5,  ranking  in  the  order  named, 
produced  82  per  cent  of  the  coal  of  the  State.  Districts  2  and  3  each 
produced  less  than  1  per  cent. 

CHASACTES  OF  COKINa  PSOCESS. 

The  coking  otcoal  is  a  destructive  distillation  either  in  the  absence 
of  air  or  in  the  presence  of  a  limited  supply.  In  commercial  practice 
ooking  is  done  in  beehive  and  by-product  ovens  and  in  gas  retorts. 
The  methods  of  operation  differ,  as  do  the  products  obtained.  Bee- 
hive and  most  by-product  ovens  ve  for  producing  metallurgical  coke, 
whereas  gas  retorts  are  for  obtaining  illuminating  gas.  Coke  from 
gas  retorts  is  not  as  good  as  from  coking  ovens  and  is  usually  sold  for 
domestic  fuel. 

•Andres,  S.  O.,  Coal  mining  in  lUJnois:  Illinois  Coal  Mining  Investigations  Bull.  13, 1915,  p.  50. 
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FiQDKK  I.— Ubp  oI  IIUdoIs,  sbmrlnc  coal  dMrkti  adoptad  oadtr  ths  oooperatlvc  leTMiiKDt. 


CONDITIONS  I^EOABDINO  GOKINQ  OF  ILLINOIS  COALS.  H 

In  beehive  ovens  coke  is  ordinarily  the  only  product  obtained. 
The  oven  is  heated  from  the  inside  by  the  combustion  of  gases  driven 
from  the  coal  and  of  part  of  the  fixed  carbon,  a  limited  supply  of  air 
for  this  purpose  being  admitted  through  an  opening  in  the  side  of 
the  oven.  A  large  share  of  the  volatile  matter  is  burned  inside  of 
the  oven  and  the  remainder,  which  passes  out  through  the  top,  is 
burned  when  it  comes  in  contact  with  air.  Thus  all  the  by-products 
are  lost. 

In  by-product  ovens  ooke  is  usually  the  principal  product;  gas, 
tar,  ammonia,  oyanides,  benzol,  and  toluol  can  be  recovered  as  by- 
products. The  ovens  are  heated  from  outside  by  combustion  of  part 
of  the  gas  obtained  in  coking.  No  oxygen  comes  into  contact  with  the 
volatile  matter  to  bum  it  and  destroy  the  by-products,  and  the  latter 
are  separated  from  one  another  in  a  suitable  recovery  system. 

In  gas  retorts  illuminating  gas  is  the  principal  product,  coke  and 
ammonia  being  by-products.  The  light  oil,  containing  benzol  and 
toluol,  is  left  in  the  gas  to  increase  its  candlepower.  The  retorts 
are  heated  from  the  outside  by  combustion  of  part  of  the  ooke  pro- 
duced in  the  process  or  of  coal.  The  units  are  of  much  smaller  size 
than  those  used  in  coking  ovens. 

PSESEVT    COVDITIOVS    SEaASDIVG    COKUTG    OF    ILLIHOIS 

COALS  AHD  FTJTITBE  PSOSPECTS. 

EXTENT    OF    COKE    PBODUCTION. 

So  far  as  known,  commercial  coke  is  not  at  present  being  made 
from  Illinois  coal  in  either  beehive  or  by-product  ovens,  although  a 
small  amount  is  made  in  gas  retorts  as  a  by-product  from  the  manu- 
facture of  illuminating  gas.  Attempts  to  make  commercial  coke 
from  Illinois  coal  in  beehive  ovens  were  abandoned,  probably  because 
the  product  could  not  compete  with  coke  from  other  coals,  and  at- 
tempts to  coke  Illinois  coal  in  by-product  ovens  have  been  experi- 
mental. The  results  indicate  that  with  by-product  ovens  coke  for 
fael  can  be  made  from  Illinois  coal  alone  and  that  coke  for  some 
kinds  of  metallurgical  work  might  be  made  from  mixtures  of  Illinois 
coal  with  low-volatile  coking  coal.  At  some  small  gas  plants  Illinois 
coal  alone  is  used  in  retorts  for  making  gas;  at  other  plants  one-third 
Illinois  coal  and  two-thirds  Eastern  gas  coal  are  used,  the  gas  from 
the  two  coals  being  mixed  and  the  two  grades  of  coke  being  kept 
separate. 

QUALITY  OF  COKE. 

In  general,  Illinois  coke  is  light.  The  cells  are  not  lai^e,  but  are 
nmnerous  enough  to  give  a  fairly  high  percentage  of  porosity.  As 
the  cell  structure  is  irregular  and  the  cell  walls  are  thin,  the  coke  is 
friable.    When  it  is  handled  Illinois  coke  tends  to  shatter  and  form  a 
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large  amount  of  breeze.  Usually  the  coke  comes  from  flie  oven  in 
pieces  of  medium  size  which  have  a  tendency  to  break  into  long 
fingerlike  fragments  and  to  become  cross  fractured.  A  characteristic 
feature  is  the  presence  of  considerable  nonfused  material.  The  per- 
centages of  ash  and  sulphur  are  usually  high.  Available  tests  indi- 
cate that  for  a  given  purpose  more  coke  from  Illinois  coal  will  be 
required  than  if  coke  from  Eastern  coal  is  used.  The  quality  of  coke 
made  from  Illinois  coal  is  improved  by  mixing  low-volatile  coking 
coal  with  it. 

MBTHOD  OP  JUDGINa  QUALrTT. 

The  value  of  the  coke  from  some  of  the  coals  was  tested  for  certain 
purposes,  but  the  coke  from  the  majority  of  samples  was  judged  by 
appearance  and  physical  properties.  As  the  relation  between  the 
results  of  physical  tests  of  coke  and  its  value  in  practical  use  is  indef- 
inite, different  observers  may  differ  widely  in  their  opinions  as  to  the 
suitability  of  a  given  coke  for  any  purpose.  Usually  the  t^ts  made  were 
conducted  imder  operating  conditions  that  gave  satisfactory  results 
with  other  coke,  and  without  regard  to  any  difference  in  the  nature 
of  the  Illinois  coke.  The  quantity  of  coke  available  was  usually  too 
small  to  permit  tests  to  determine  how  far  changes  in  practice  would 
effect  economy.  If  through  the  knowledge  gained  by  experience 
methods  of  use  could  be  changed  to  suit  the  coke,  better  results  would 
probably  be  obtained. 

COKE  FBOM  BEEHIVE  OVENS. 

• 

As  is  described  in  detail  in  a  subsequent  section,  fairly  good  coke 
was  produced  in  beehive  ovens  from  some  of  the  coals,  whereas  the 
coke  from  others  was  poor,  and  a  few  samples  did  not  coke  at  all. 
The  best  cokes  were  Ught  gray  and  silvery  with  a  good  cell  structure. 
The  pieces  were  of  fairly  large  size,  but  were  friable. 

A  few  tests  were  made  to  determine  the  fitness  of  the  coke  for 
metallurgical  use.  Among  these  were  the  cupola  tests  by  the  United 
States  Geological  Survey  "  which  demonstrated  that  the  coke  could 
be  used  in  the  foundry,  but  was  not  good  as  coke  from  Eastern  coal. 
A  trial  run  of  about  24  hours  was  made  in  a  blast  furnace  at  the 
plant  of  a  large  iron  and  steel  company.  After  four  hours  the  furnace 
began  to  slip  and  became  rather  cold,  and  worked  in  this  manner 
until  all  of  the  Illinois  coke  had  been  used. 

COKE  FBOM  BY-PBODX7CT  OVENS. 

Most  of  the  tests  of  Illinois  coal  alone  in  by-product  ovens  were 
made  with  the  coals  that  had  given  the  most  promising  results  in 
beehive  ovens.    Therefore  the  quality  of  the  coke  from  different 

a  Report  of  the  United  States  fuel-testing  plant  at  8t.  Louis,  Mo.,  Jan.  1, 1906,  to  June  30, 1907:  U.  S.  0«ol. 
Survey  Bull.  332, 1908,  pp.  94, 113. 
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by-product  oven  tests  did  not  vary  so  much  as  did  the  coke  from  bee- 
hive-oven tests.  The  coke  was  not  as  strong  as  by-product  coke 
from  Eastern  coals.  The  struoture  was  fairly  uniform,  the  cells  were 
small  and  numerous,  and  the  cell  walls  were  thin.  The  coke  had  a 
tendency  to  break  into  pieces  about  6  inches  long  and  1  or  2  inches 
in  diameter.  Some  of  it  showed  numerous  cross  fractures.  When 
tumbled  in  a  pile  it  gave  a  rustling  sound  and  did  not  have  a  metallic 
ring.    It  contained  considerable  nonfused  material. 

Coke  made  in  by-product  ovens  from  mixtures  of  Illinois  coals 
with  low-volatile  coking  coals  was  of  better  quality  than  that  made 
from  niinois  coals  alone.  The  pieces  were  blocky,  the  coke  was  less 
friable,  and  the  tendency  to  cross  fracturing  was  somewhat  reduced. 
Mixtures  containing  20  per  cent  of  Illinois  coal  gave  better  residts 
than  mixtures  containing  lai^er  percentages. 

USE  OF  ILLINOIS  COKS  IN  HETALLUBOY. 

Opinions  as  to  the  value  of  Illinois  coke  for  metallurgical  work 
differ.  Most  observers  agree  that  it  is  not  suited  for  use  in  large 
blast  furnaces,  but  some  think  that  it  can  be  used  in  small  furnaces, 
foundries,  and  smelters.  Because  of  the  cell  walls  being  thin,  it  will 
not  withstand  the  action  of  carbon  dioxide  nor  bear  the  furnace 
burden  as  well  as  coke  from  Eastern  coal.  It  has  been  used  to  some 
extent  during  periods  when  furnaces  were  slack,  but  without  regard 
to  efficiency,  being  consumed  chibfly  to  maintain  the  supply  of  blast- 
furnace gas  for  power.  A  trial  run  made  in  a  copper  furnace  demon- 
strated that  the  coke  would  carry  the  burden  in  a  furnace  of  that  type. 

If  absolutely  necessary  this  coke  could  be  used  for  some  metal- 
lurgical purposes.  It  might  t;>e  used  at  the  present  time  if  it  could  be 
sold  at  a  considerably  lower  price  than  metallurgical  coke  from 
Eastern  coal.  Just  what  the  difference  in  price  must  be  can  be 
determined  only  by  a  furnace  test  covering  a  considerable  period  of 
time.  However,  there  are  difficulties  in  the  way  of  any  considerable 
price  reduction.  The  cost  of  lYiining  coal  is  about  the  same  as  that 
of  mining  Eastern  coal  that  makes  highly  satisfactory  coke,  but  most 
Illinois  coal  requires  washing,  which  adds  to  the  cost. 

DOMESTIC  TTSE  OF  ILLINOIS  COKE. 

The  most  promising  outlet  for  Illinois  coke  is  as  a  fuel  for  domestic 
and  other  purposes  not  requiring  coke  of  as  high  a  grade  as  is  necessary 
for  metaUui^cal  work.  Thus,  coke  that  will  stand  handUng  without 
too  much  loss  by  breakage  can  be  used  for  practically  all  heating  and 
power  purposes  for  which  bituminous  coal  is  now  used.  Further- 
more, a  coke  containing  2  per  cent  of  sulphur  will  find  as  ready  a  sale 
for  such  purposes  as  one  containing  1  per  cent.  The  development 
of  this  trade  to  consimie  the  output  of  several  ovens  would  require 
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considerable  educational  work,  but  once  established  there  would  be 
smaller  fluctuations  in  the  demand  from  year  to  year  than  in  that  for 
metallurgical  coke,  the  consumption  of  which  is  dependent  on  the 
iron  and  steel  industry.  Producers  of  coke,  by  offering  it  at  a  reduced 
price,  can  induce  many  consumers  of  coke  for  domestic  purposes  to 
lay  in  a  supply  during  the  summer  months  and  thus  equalize  de- 
mand. Work  has  already  been  started  to  develop  the  domestic  trade 
in  the  Middle  West  and  in  the  Northwest,  with  promising  results. 
The  high  price  of  the  domestic  sizes  of  anthracite  and  the  increasing 
opposition  to  the  smoke  nuisance  are  factors  favoring  the  use  of  coke. 
With  the  enforcement  of  smoke  ordinances  in  large  cities  like  Chicago, 
the  railroads  will  be  forced  to  use  coke  on  locomotives  within  the 
city  limits  or  resort  to  electric  power. 

The  importance  of  coal  gas  for  hghting  has  increased  recently 
because  of  the  higher  cost  of  making  enriched  water  gas,  caused  by  a 
higher  price  of  the  oil  used  in  its  manufacture.  The  oil  problem  is 
becoming  serious  with  water-gas  manufacturers  and  may  cause  a 
return  to  the  use  of  coal  gas.  In  that  event  the  use  of  Illinois  coals 
in  by-product  ovens  in  certain  localities,  with  sale  of  the  coke  to  the 
fuel  trade,  use  of  the  gas  for  cooking  and  lighting,  and  recovery  of 
by-products,  would  offer  a  promising  field  of  development. 

USE  OF  COAL  IN  GAS  BBTOBTS. 

At  present  a  small  amount  of  lUinois  coal  is  used  alone  for  making 
gas  in  some  of  the  small  plants  where  the  cost  of  Eastern  gas  coal  is 
too  high.  In  other  plants  one-third  of  the  retorts  are  charged  with 
Illinois  coal  and  the  other  two-thirds  are  charged  with  Eastern  gas 
coal,  the  coke  being  kept  separate. 

Illinois  gas  coke  is  of  poorer  quality  than  gas  coke  from  Eastern 
coals;  it  is  light  and  porous,  will  not  stand  much  handling,  and  is 
easily  distinguished  from  Pittsburgh  coke.  Lengthening  the  time  of 
carbonization  seems  to  improve  it  somewhat.  In  plac.es  where  com- 
petition is  not  keen  it  is  sold  to  domestic  trade  and  where  competition 
is  active  it  is  used  for  heating  retorts  and  for  making  water  gas.  In 
tests  of  lUinois  coke  with  an  11-foot  water-gas  machine,  owing  to  the 
formation  of  clinkers  the  capacity  was  reduced  about  20  per  cent 
in  comparison  with  coke  from  Pittsburgh  coaL  The  consimiption 
of  Illinois  coke  was  about  10  per  cent  larger. 

A  yield  of  4  to  4  J  cubic  feet  of  gas  per  pound  of  Illinois  coal  can  be 
obtained,  as  compared  with  5  or  5}  feet  from  Eastern  coal.  Gas 
from  Illinois  coal  has  a  heating  value  of  about  600  B.  t.  u.  per  cubic 
foot,  and  a  candlepower  of  about  15.  A  larger  quantity  of  gas  can 
be  obtained,  but  the  excess  is  mostly  hydrogen,  which  has  no  illumi- 
nating power  and  a  low  heating  value  per  cubic  foot.  As  city  ordi- 
nances or  State  laws  require  illuminating  gas  to  have  a  certain  candle- 
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power  or  heating  value,  it  is  advisable  to  stop  carbonization  before 
all  of  the  lean  gas  is  driven  off.  The  low  yield  per  pound  increases 
\h&  cost  of  manufacture,  as  more  ooal  must  be  handled  and  a  larger 
generating  capacity  provided  to  make  the  same  amount  of  gas.  As 
co&l  retorts  are  usually  worked  at  their  full  capacity,  any  increase 
in  output  must  be  obtained  from  additional  retorts,  involving  a  larger 
inyestment. 

If  the  quality  and  appearance  of  the  coke  could  be  improved,  the 
author  believes  more  lUinois  coal  wotdd  be  used  for  making  gas. 
The  same  coal  makes  better  coke  in  by-product  ovens  than  it  does  in 
gas  retorts  and  at  least  part  of  the  difference  is  due  to  methods  of 
operation.  If  the  coal  were  finely  pulverized  before  chaiging,  if  the 
size  of  the  charge  were  increased,  and  if  the  method  of  heating  were 
sLoiilar  to  that  used  in  heating  by-product  ovens,  it  seems  possible 
that  the  quahty  of  the  coke  cotdd  be  improved  without  impairing 
the  yield  of  gas. 

GEIEBAL  RESTTLTS  OF  USE  OF  MIXTXTBES  OF  ILUVOIS  AVD 

OTHER  COALS  FOR  MAKIVO  COKE. 

The  mixtures  tested  in  by-product  ovens  ranged  from  20  to  90  per 
cent  Illinois  coal  with  different  varieties  of  low-volatile  coking  coal. 
In  gas  retorts  residts  were  obtained  with  the  use  of  one-third  Illinois 
coaJs  in  combination  with  several  Eastern  gas  coals.  The  use  of  20 
to  30  per  cent  of  Illinois  coal  mixed  with  a  low-volatile  coal  for 
making  metallurgical  coke  offers  promise  of  success.  Interest  in 
this  subject  is  active  at  present  and  the  question  of  whether  the  use 
of  such  coke  is  profitable  may  be  definitely  answered  in  the  near 
future. 

BSSX7LTS  IK  BY-PRODUCT  OVENS. 

Mixtures  of  low-volatile  coking  coal  and  Illinois  coals  make  better 
coke  than  Illinois  coals  alone.  The  effect  of  the  addition  of  80  per 
c€nt  low-volatile  coal  is  well  illustrated  in  Plates  I,  5,  III,  JB,  V, 
\1,  Vn,  VIII,  IX,  and  X. 

The  cell  walls  are  stronger  and  there  is  less  tendency  to  fingering 
and  cross  fracturing  than  in  coke  made  from  Illinois  coals  only. 
Compared  to  coke  made  from  mixtures  of  Eastern  coals  it  may  have 
an  advantage  in  one  respect  of  Eastern  coals — the  cell  walls  being 
somewhat  thinner  a  relatively  larger  percentage  of  surface  is  exposed 
to  the  action  of  oxygen,  so  that  the  coke  bums  more  rapidly,  the 
heat  is  generated  in  a  small  area,  and  the  furnace  drives  faster.  This 
property  is  desirable  if  combined  with  cell-wall  strength  sufficient  to 
withstand  the  burden  in  the  furnace.  However,  in  general  the 
addition  of  Illinois  coal  to  Eastern  coal  should  be  considered  an 
adulteration,  and  the  question  is,  How  much  can  be  added  without 
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reducing  the  quality  of  the  coke  to  the  point  where  it  can  not  be 
used  for  metallurgical  work  t 

Coke  from  mixtures  of  20  per  cent  Illinois  coal  and  80  per  cent 
low-volatile  coal  has  been  used  in  blast  furnaces  for  several  consecu- 
tive weeks.  No  great  trouble  was  experienced  although  there  were 
some  soft  spots  in  the  coke.  As  far  as  furnace  operation  is  con- 
cerned, coke  from  such  a  mixture  can  be  used.  Possibly  the  propor- 
tion of  Illinois  coals  can  be  increased  to  30  per  cent  or  more,  but  the 
use  of  even  20  per  cent  in  all  the  by-product  ovens  near  the  Illinois 
coal  field  would  mean  a  large  annual  consumption.  There  are  more 
than  1,500  by-product  ovens,  with  a  capacity  of  about  9,000,000 
tons  of  coal  annually,  within  a  short  distance  of  this  field. 

Naturally  the  principal  incentive  to  use  such  a  mixture  would  be 
a  reduction  in  the  cost  of  fuel  for  metallurgical  work.  Illinois  coal 
is  cheaper  in  the  Middle  West  than  the  Eastern  high-volatile  coals  it 
would  replace,  and,  therefore,  other  factors  being  the  same,  coke 
could  be  made  at  a  lower  cost  per  ton.  If  the  same  amoimt  of  this 
coke  as  of  coke  from  Eastern  coals  were  required  per  ton  of  iron,  the 
saving  from  the  use  of  Illinois  coal  could  be  calculated.  However, 
both  known  and  unknown  factors  enter  into  the  problem  and  as  yet 
sufficient  information  has  not  been  obtained  to  show  just  how  much 
saving  would  result.  The  yield  of  coke  is  lower,  and  more  coke  is 
required  per  ton  of  iron  produced,  but  to  offset  these  disadvantages 
a  larger  quantity  of  by-products  and  more  blast-furnace  gas  would 
be  made.  If  it  is  shown  that  the  use  of  coke  made  from  mixtures 
containing  20  per  cent  of  Illinois  coal  means  a  substantial  saving,  a 
considerable  amount  of  such  coke  imdoubtedly  will  be  used. 

By  adding  a  low-sulphur  Eastern  coal  to  Illinois  coal,  coke  of  sat- 
isfactory sulphur  content  can  be  obtained.  If  80  per  cent  of  Eastern 
coal  containing  0.7  per  cent  of  sulphur  is  used,  the  20  per  cent  of 
Illinois  coal  can  contain  about  2  per  cent  of  sulphur  without  the 
sulphur  content  of  the  mixture  running  over  1  per  cent.  A  large 
amoimt  of  Illinois  coal  contains  less  than  2  per  cent  of  sulphur  and 
hence  would  bo  available  for  use  in  such  mixtures. 

RESULTS  IN  GAS  BETOBTS. 

The  results  obtained  in  gas  retorts  from  the  use  of  Illinois  and 
Eastern  coals  in  separate  retorts  have  caused  several  plants  to 
adopt  such  procedure.  The  plants  have  been  able  to  show  a  reduc- 
tion in  cost  of  gas  of  about  2  cents  per  1,000  cubic  feet  when  one- 
third  Illinois  and  two-thirds  Eastern  gas  coal  were  used. 

The  gas  and  the  by-products  from  the  two  sets  of  retorts  go  into 
the  same  recovery  system,  but  the  coke  is  kept  separate.  The 
quality  of  the  gas  is  about  the  same  as  from  Eastern  coal  alone  and 
the  yield  is  only  slightly  less.    There  is  not  much  difference  in  the 
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yields  of  tar  and  the  ammonia,  the  former  being  sUghtly  less  and  the 
latter  slightly  more  than  from  Eastern  coal  alone.  The  coke  from 
Illinois  coal  is  used  for  heating  retorts  and  making  water  gas,  and 
that  from  the  Eastern  coal  is  sold  for  domestic  use.  If  the  coals 
were  ptdverized  and  thoroughly  mixed  instead  of  being  charged  into 
separate  retorts,  it  is  believed  that  all  of  the  coke  could  be  made 
suitable  for  the  domestic  trade.  The  cost  of  such  preparation  might 
be  met  by  increasing  the  proportion  of  the  cheaper  Illinois  coal. 

EFFECTS   OF   VASIOXTS   FACTOBS   OH   COKISO   OF    ILLINOIS 

COALS. 

USE  OF  HIGH  TSMPBHATUBES. 

There  is  a  rather  general  opinion  that  high  temperatures  give 
better  results  in  making  coke  from  Illinois  coal.  Some  investigators 
believe  that  high  temperature  combined  with  fine  grinding  is  all  that 
is  necessary  to  produce  from  Illinois  coal  coke  suitable  for  any 
metallurgical  use.  This  possibility  remains  to  be  demonstrated,  for 
the  exact  improvement  by  high  temperature  can  be  determined  only 
by  thorough  investigation.  The  results  of  tests  herein  reported 
seem  to  indicate  that  high  temperature  does  improve  the  quahty, 
but  the  results  are  not  complete  enough  for  drawing  a  definite  con- 
clusion. 

ADDITION  OF  PITCH. 

Although  no  results  of  tests  of  making  coke  from  Illinois  coals  with 
the  addition  of  pitch  are  reported,  a  few  such  tests  have  been  made. 
Adding  about  5  per  cent  improves  the  coke.  The  cell  structure  is 
more  open,  and  the  tendency  to  cross-fracturing  is  reduced. 

The  addition  of  pitch  to  low-grade  coking  coals  may  furnish  a 
profitable  use  for  any  excess  supply  of  pitch  resulting  from  the 
increased  number  of  by-product  ovens  and  may  develop  a  market 
for  a  large  quantity.    The  field  invites  investigation. 

YIELD  OF  BY-PRODUCTS. 

The  yield  of  gas  from  by-product  oven  tests  ranged  from  11,000 
to  13,000  cubic  feet  per  ton  (2,000  pounds)  of  coal,  and  in  by-product 
laboratory  tests  averaged  about  10,500  cubic  feet  per  ton.  Thirteen 
thousand  feet  is  a  high  yield  and  probably  could  not  be  obtained  in 
regular  practice.  The  yield  of  gas  from  Illinois  coals  is  slightly 
smaller  than  from  high-volatile  Eastern  coals,  but  is  larger  than  from 
bw-volatile  coals.  When  20  or  30  per  cent  of  Illinois  coals  are 
mixed  with  low-volatile  coals  the  yield  is  about  the  same  as  from 
similar  mixtures  of  Eastern  coals. 

More  anunonia  is  obtained  from  Illinois  coals  than  from  Eastern 
coals.    The  maximum  yield  in  by-product  ovens  was  34  poimds  of 
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ammonium  sulphate  per  ton  of  coal,  and  the  average  was  26.6  pounds, 
equivalent  to  6.8  pounds  of  ammonia  (NH,).  The  maximum  yield 
by  laboratory  test  was  41  pounds  of  ammonium  sulphate  per  ton,  and 
the  average  was  34.9  pounds.  In  gas  retorts  the  high  yield  was  24.9 
pounds  of  ammonium  sulphate  or  6.42  pounds  of  ammonia  (NH,). 
It  is  safe  to  say  that  a  yield  of  6  pounds  of  ammonia,  or  more  than  23 
pounds  of  ammonium  sulphate,  could  be  obtained' in  the  regular  op- 
eration of  gas  retorts.  In  some  of  the  gas  tests  the  quantity  of  am- 
monia was  determined  at  the  outlet  of  the  exhauster  and  therefore  is 
low,  as  considerable  ammonia  is  absorbed  before  the  gas  reaches  the 
exhauster. 

The  average  yield  of  tar  from  by-product  oven  tests  was  11.9  gal- 
lons per  ton  of  coal,  and  by  laboratory  test  was  7  gallons.  Although 
few  data  were  obtained  for  the  tar  from  gas  retorts,  the  yield  is  prob- 
ably 10  to  12  gallons  per  ton,  compared  with  about  15  gallons  from 
Pittsburgh  coal.  The  quality  depends  upon  temperature  and  the 
consequent  amount  of  cracking;  in  general,  the  tar  from  the  Illinois 
coal  compares  well  with  other  tars. 

The  laboratory  tests  gave  an  average  yield  of  18.9  pounds,  or 
slightly  less  than  3  gallons,  of  light  oil  per  ton  of  coal.  Only  labo- 
ratory determinations  were  made,  and  no  results  of  oven  tests  are 
available  for  comparison.  Consequently,  it  is  difficult  to  predict  how 
well  the  laboratory  results  will  be  confirmed  in  practice.  At  low 
temperatures  the  aromatic  hydrocarbons  are  not  formed  to  any  great 
degree,  and  at  high  temperatures  they  decompose  rapidly.  Therefore, 
the  laboratory  test  must  reproduce  closely  the  amoimt  of  cracking  in 
the  ovens  in  order  to  be  of  practical  value. 

EFFECT  OF  DffPXTBnDIES  IN  COAL. 

High  sulphur  and  ash  contents  limit  the  use  of  IHiaois  coals  for 
coking,  as  both  coke  and  gas  manufacturers  desire  coals  as  low  as  pos- 
sible in  sulphur.  The  customary  specification  for  metallurgical  coke 
b  not  more  than  1  per  cent  of  sulphur,  which  means  that  the  coal  can 
not  contain  much  more  than  1  per  cent,  as  about  half  of  the  sulphur 
remains  in  the  coke  and  the  yield  of  coke,  by  weight,  is  60  to  70  per 
cent.  Sulphur  must  be  removed  from  illuminating  gas,  and  the  more 
that  must  be  removed  the  higher  is  the  cost  of  purification.  For  this 
reason  high-sulphur  coal  will  not  be  used  when  low-sulphur  coal  can 
be  obtained. 

All  of  the  ash  in  a  coal  remains  in  the  coke.  If  a  coal  contains  10 
per  cent  of  ash  and  yields  60  per  cent  of  coke,  the  coke  will  contain 
16.6  per  cent  of  ash.  Ash  does  not  fuse  at  coking  temperatures;  it 
increases  the  amount  of  nonfusible  material  that  must  be  cemented 
by  the  fusible  part  of  the  coal  and  makes  the  fusion  less  imiform. 
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NEED  OF  WASHIKa  ILLINOIS  COALS.a 

Most  Illinois  coals  should  be  washed  before  coking  in  order  to 
reduce  the  sulphur  and  the  ash  contents.  A  limited  amount  of  Illi- 
nois coal  has  a  sulphur  content  of  about  1  per  cent,  but  the  average 
is  higher.  The  coal  from  district  2,  which  contains  less  sulphur  and 
ash  than  that  from  any  other  district,  averages  1.29  per  cent  sulphur 
and  5.72  per  cent  ash.  Ash  contents  of  the  coals  from  all  the  dis- 
tricts are  given  in  Table  1  (p.  23).  About  25  per  cent  of  the  sulphur 
and  20  to  30  per  cent  of  the  ash  can  be  removed  by  washing  or  dry- 
cleaning.  Part  of  the  sulphur  combined  as  iron  pyrites  can  be  re- 
moved, the  proportion  depending  on  whether  the  pyrite  is  in  lumps 
or  is  disseminated  in  fine  particles.  In  the  latter  form  it  can  not  be 
removed  by  washing,  nor  can  organic  sulphur  be  removed  in  that  way. 

Proper  sizing  of  the  coal  is  important.  The  impurities  in  the  very 
fine  coal  can  not  be  reduced  much  and  for  this  reason  the  fines  should 
be  removed  before  washing.  In  selected  coals  the  sulphur  can  be 
reduced  to  less  than  1.5  per  cent,  and  when  these  are  used  in  mix- 
ture with  low-sulphur  Eastern  coals;  coke  can  be  produced  low  enough 
in  sulphur  to  meet  metallurgical  requirements. 

Part  of  the  ash  is  intimately  mixed  with  the  coal  substance,  is 
an  inherent  part  of  the  coal,  and  can  not  be  removed  by  cleaning. 
The  remainder  is  from  layers  or  seams  of  pyrites,  shale,  or  other  ma- 
terials in  the  coal  bed,  which  were  mixed  with  the  coal  during  mining. 
This  part  can  be  reduced  by  care  in  mining  and  by  subsequent  cleaning. 

The  cost  of  washing  is  5  to  10  cents  per  ton,  and  10  to  25  per  cent 
of  the  coal  is  lost  during  the  operation.  The  increase  in  the  price  of 
coal  due  to  washing  is  shown  by  the  following  example.  If  the  cost 
of  washing  is  5  cents  per  ton,  and  15  per  cent  of  the  coal  is  lost,  then 
with  raw  coal  at  $1  per  ton  the  price  of  the  washed  coal  would  be  as 
foDows: 

— g-^g — =$1.23  per  ton. 
EFFECT  OF  CBUSHINa  COAL. 

Tests  in  beehive  ovens  were  made  with  both  coarse  and  fine  coal, 
and  invariably  the  fine  coal  produced  the  better  quality  of  coke. 
The  reason  is  probably  found  in  the  nonhomogeneous  character  of 
Illinois  coal.  It  is  made  up  of  layers,  some  of  which  fuse,  whereas 
others  do  not,  the  nonfusible  layers  causing  the  weak  spots  in  the 
coke.  Fine  crushing  breaks  up  the  nonfusible  seams  and  pieces  of 
slate  so  that  they  can  be  evenly  mixed  through  the  mass  of  coal. 
Thus,  the  small  particles  of  nonfusible  material  are  brought  into 
close  contact  with  fusible  particles,  become  cemented  during  coking, 

■  ?oc  nnilts  of  ezpflrfinaats  In  washing  nilnois  coal,  aee  Lincoln,  F.  C,  Coal  washing  in  Illinois:  Univ. 
Qlininois  Eng.  Exp.  Sta.  Bull.  60, 1013, 106  pp. 


20  COKING  OF   ILLINOIS  COALS. 

and  the  coke  is  stronger  and  more  uniform.  Large  pieces  of  unfused 
material  give  more  chance  for  the  coke  breaking  into  small  pieces. 
If  there  is  too  much  nonfusible  material,  the  particles  will  not  be 
cemented  and  the  coke  will  be  granular.  In  order  to  get  the  best 
results  in  coking  Illinois  coals  they  should  be  crushed  very  fine. 

If  more  than  one  variety  of  coal  is  used,  proper  crushing  is  neces- 
sary, so  that  the  different  coals  can  be  thoroughly  mixed;  otherwise 
the  coke  will  not  be  uniform. 

OOElNa  PBOPSBTY  OF  ILLINOIS  COALS. 

Practically  all  Illinois  coals  will  fuse  to  some  degree.  Just  what 
material  imparts  the  coking  property  is  not  known,  and  many  ex- 
planations have  been  advanced.  These  have  been  based  on  dif- 
ferent considerations — the  original  material  from  which  the  coal  was 
formed,  the  process  of  coal  formation,  and  the  chemical  composition 
and  the  physical  character  of  the  coal.  Because  of  the  extremely 
complex  nature  of  coal  and  the  difficulty  of  determining  and  iden- 
tifying constituents^  the  real  cause  remains  unknown  and  the  expla- 
nations advanced  are  largely  hypothetical. 

Chemical  analysis  does  not  show  whether  a  coal  will  make  good 
coke.  Noncokii]^  and  coking  coals  may  have  practically  the  same 
proximate  and  ultimate  composition  by  analysis  and  yet  the  relative 
amounts  of  resinous,  humic,  and  cellulosic  materials  may  differ 
decidedly.  Coals  that  coke  contain  a  considerable  amount  of 
resinous  material  and  have  a  relatively  high  percentage  of  available 
hydrogen  and  a  low  oxygen  content.  However,  these  characteris- 
tics indicate  only  that  a  coal  may  coke,  and  can  not  be  relied  on  as  a 
measure  of  coking  quality.  In  the  present  state  of  our  knowledge 
of  coking  the  only  safe  method  of  determining  what  a  given  coal 
will  do  is  by  actual  test  in  an  oven. 

ILLIirOIS  COALS  AVAILABLE  FOR  COKE  MAKIITO. 

Most  Illinois  coals  will  make  coke  of  some  sort.  In  general,  coals 
from  districts  2,  5,  and  6  (fig.  1),  in  the  southern  part  of  the  State, 
make  better  coke  than  those  from  other  districts.  However,  not  all 
the  coals  from  the  districts  mentioned  will  coke,  and  the  only  way  of 
determining  the  coking  property  of  coal  from  any  mine  is  by  proper 
test. 

District  6  seems  to  be  the  most  available  and  promising  field  in 
the  State.  It  contains  a  rather  large  area  of  coal  and  produces 
about  one-fifth  of  the  total  output  of  Illinois.  The  impurities  in  the 
coal  from  that  district  are  lower  than  in  the  coal  from  the  other  dis- 
tricts, except  district  2;  the  sulphur  averages  about  1.5  per  cent 
and  the  ash  considerably  less  than  10  per  cent.    Much  of  the  coal  is 
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low  enough  in  sulphur  to  produce  coke  that  will  meet  metallurgical 
requirements  for  sulphur  content,  if  the  coal  is  mixed  with  low-sul- 
phur coking  coal.  The  coal  is  also  used  for  the  manufactm^  of 
iUominating  gas,  being  used  alone  and  with  Eastern  gas  coals. 

The  coals  from  district  5  in  composition  and  coking  property  are 
similar  to  the  coals  from  district  6,  but  are  higher  in  sulphur,  and 
therefore  not  as  well  suited  for  coking  and  gas  making.  District  5 
produces  about  7  per  cent  of  the  coal  output  of  the  State. 

By  analysis  the  coal  from  district  2  is  of  better  quality  than  any 
other  coal  in  the  State,  being  higher  in  fixed  carbon  and  lower  in  ash 
and  sulphur.  It  is  used  successfully  for  gas  making  in  some  small 
plants  in  HUnois  and  Missouri,  and  formerly  was  coked  in  beehive 
ovens  in  the  vicinity  of  St.  Louis.  The  district  is  small,  produces 
only  about  1  per  cent  of  the  coal  mined  in  the  State,  and  hence  is  not 
of  great  importance  as  a  possible  source  of  coking  coal. 

Tests  of  coals  from  other  districts  of  the  State  show  that  although 
some  of  the  coals  make  fairly  good  coke,  most  of  them  are  so  high  in 
sulphur  that  the  coke  could  only  be  used  for  fuel  or  domestic  pur- 
poses. Some  of  these  coals  are  equal  in  fusing  property  to  those  of 
district  6. 

The  work  that  has  been  done  on  coking  lUinois  coals  should  be 
regarded  as  preliminary.  Ejiowledge  of  the  mechanics  of  the  coking 
process  is  still  limited,  and  it  is  entirely  possible  that  some  com- 
paratively small  improvement  in  the  process  may  give  the  proper 
combination  to  produce  good  coke  from  Illinois  coals. 

CHAEACTEB  OF  ILLIirOIS  COALS. 

aEOLOaiC  FEATX7BES. 

Illinois  coals  are  classed  as  bituminous  and  in  degree  of  maturity 
are  regarded  as  intermediate  between  the  Eastern  bitimiinous  and 
the  Western  subbituminous  coals.  The  productive  beds  are  foimd 
in  the  Pennsylvanian  series  of  the  Carboniferous  system.  Beds  1,  2, 
5,  6,  and  7  are  mined  conmiercially,  and  are  described  in  publica- 
tions of  the  Illinois  Geological  Survey." 

PHYSICAL  CHABACTSBISTICS. 

Illinois  coals  look  like  other  bituminous  coals,  being  composed  of 
alternating  shiny  and  dull  layers.  They  axe  less  friable  than  Poca- 
hontas or  New  River  coals  and  stand  shipping  fairly  well.  The  frac- 
tures, although  sometimes  conchoidal,  axe  usually  along  horizontal 
and  vertical  planes  more  or  less  at  right  angles  to  each  other,  so  that 
the  coals  have  a  tendency  to  break  into  cubical  pieces.  On  an  aver- 
age about  15  per  cent  of  the  total  output  is  in  lumps  that  pass  over  a 
6-inch  screen,  and  about  20  per  cent  will  pass  through  a  J-inch  screen. 

«8m  Andros,  S.  O.,  Coal  mining  in  Ullnois:  Illinois  Coal  Mining  Investigations  Bull.  13, 1915, 250  pp. 
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The  Illinois  coals  are  usually  classed  as  free  burning  and  noncoking, 
but  when  subjected  to  destructive  distillation  fuse  into  more  or  less 
coherent  masses.     Practically  all  of  the  coals  fuse  to  some  degree 
The  coke  from  different  coaJs  varies  somewhat;  but;  as  stated,  is 
generally  light  and  friable. 

The  structure  is  shown  in  Plates  I,  A,  and  11.  Plate  I,  Ay  showing 
a  lump  of  Franklin  County  coal,  indicates  clearly  its  nonhomogeneous 
nature.  Plate  II  shows  a  magnified  section  taken  from  near  the 
center  of  the  lump  shown  in  Plate  I,  A.  Her^  the  black  shiny  layers 
are  nearly  uniform,  but  the  dull  layers  are  divided  into  very  thin 
laminae.     This  structure  is  fairly  typical  of  southern  Illinois  coals 

Reinhardt  Thiessen,"  assistant  chemist  of  the  Bureau  of  Mines 
has  examined  Illinois  coals  under  the  microscope  and  found  that  the 
shiny  layers  consist  of  fragments  of  ^*wood"  and  rauge  from  a  few 
microns  to  several  millimeters  in  thickness.  The  **woody"  nature 
is  readily  discerned  by  examining  sections  across  the  grain.  Most 
of  the  ** woody"  layers  are  highly  resinous,  and  in  some  samples 
almost  the  entire  ^^ woody"  component  has  disappeared,  and  little 
is  left  except  the  resinous  material.  The  dull  layers  are  generally 
thicker  than  the  shiny  ones  and  are  composed  largely  of  finelv  dis- 
integrated material,  or  *'d6bris."  On  closer  examination  they  are 
found  to  be  further  divided  into  dull  and  shiny  laminae  a  fraction  of 
a  millimeter  thick.  As  in  the  thicker  layers,  the  shiny  parts  are  of  a 
'* woody"  nature  and  the  dull  parts  are  composed  of  disintegrated 
material. 

Examination  of  a  partly  coked  lump  shows  that  the  shiny  layers 
possessthe  coking  property  and  that  the  dull  layers  do  not.  Under 
the  influence  of  heat  the  shiny  parts  fuse  and  swell,  whereas  the  dull 
parts  simply  char  and  crack.  Consequently  fine  crushing  and  thor- 
ough mixing  of  the  parts  that  fuse  and  those  that  do  not  seems  to  be 
necessary  in  order  to  obtain  the  best  results  in  coking.  Further 
microscopic  study  of  coal  may  lead  to  a  better  understanding  of 
the  causes  of  coking. 

CHEMICAL  CHABACTEBISTICS. 

Although  Illinois  coals  are  of  the  same  general  type,  the  composi- 
tion of  samples  from  different  parts  of  the  State  varies.  The  proxi- 
mate analyses  of  averages  are  given,  by  districts,  in  Table  1.*  In 
interpreting  them  it  must  be  remembered  that  ash  and  sulphur  are 
incidental  impurities  in  coal  and  vary  locally.  In  any  one  mine  the 
proportions  of  these  elements  may  be  quite  different  from  the  average 
for  the  district.  For  instance,  some  mines  in  district  6  yield  coal 
that  contains  considerably  less  than  the  average  of  1.53  per  cent  of 
sulphur. 

a  See  White,  David,  and  Thiessen,  Reinhardt,  The  origin  of  eoal:  Bull.  38,  Bureau  of  Mines,  1913,  p.  25' 
»  Andros,  8.  O.,  Coal  mining  in  Illinois:  Illinois  Coal-Mining  Investigations  Bull.  13, 191  ,p.  fi7. 
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Tabls  1. — Average  cmdlyaes  of  Illinois  coals  arranged  by  districts. <^ 


DistiiDtNo. 


1. 
2. 
3. 


Seam 
No. 


2 
2 
1 
2 
5 
5 
6 
6 
6 
7 


Number 

of 
samples. 


33 
15 
11 
3 
54 
27 
58 
76 
31 
18 


Proximate  analysis  of  coal.b 

Sul- 
phur. 

Beating 
value. 

Mois- 
ture. 

Vola- 
tile 
matter. 

Fixed 
carbon. 

Ash. 

P.d. 
16.18 

ii'ss' 
ii.'io' 
is-'io" 

"6.'75" 
■*9."2i* 

12.56* 
'i4.'45* 

iiw" 

P.ct. 
38.83 
46.38 
33.98 
87.46 
30.17 
46.40 
33.30 
40.32 
36.79 
43.33 
85.49 
38.06 
34.00 
37.45 
38.06 
43.52 
35.88 
41.94 
38.20 
44.01 

P.et. 
37.80 
45.21 
51.02 
56.24 
35.80 
42.41 
41.48 
60.23 
87.50 
44.28 
48.72 
52.25 
48.06 
52.06 
39.06 
44.67 
40.33 
47.14 
38.75 
44.53 

P.  a. 

7.08 
8.45 
5.72 
6.30 
9.45 

11.19 
7.82 
9.48 

10.53 

12.40 
9.04 
9.60 
8.71 
9.50 

10.33 

11.81 
9.34 

10.02 
9.98 

11.47 

P.et. 
2.80 
3.45 
1.29 
1.42 
4.60 
5.55 
2.03 
2.45 
3.52 
4.15 
2.92 
3.13 
1.53 
1.68 
4.01 
4.50 
2.55 
2.98 
2.93 
3.37 

B.t.u. 
10,081 
13,101 
12,488 
13,765 
10,673 
12,643 
10,811 
13,001 
10,514 
12,384 
12,276 
13,165 
11,825 
13,025 
9,848 
12,406 
10,910 
12,764 
11,143 
12,807 

Heating 
value 
of  unit 
ooaLe 


B.  t.  u. 


14,528 
i4,'8i8 


14,546 
'i4,'663 


14,447 
'i4,'8i2 


14,585 
■i4,'377 


14,557 
'i4,'746 


a  Anslyses  made  by  J.  K.  Lindgren  under  direction  of  Prof.  S.  W.  Parr. 

*  Upper  horisontal  line  of  figures  opposite  each  district  number  represents  coal  as  received;  lower  line  of 
figures  represents  moisture-firee  (or  "dir")  ooal. 
^  "Unit  ooal"  retes  to  the  combustible  organic  material.    The  heating  value  on  the  unit-coal  basis  is 

obtained  from  the  IbUowlng  finnula:  Unit  B.  t.  u..-,Pry  B.  t.  u.-5,000  8,  ^  ^^^j^  ^  ^  weight  of  ash 

1.00-(1.08A,-t-55S)  ^^ 

per  sRun,  and  8  Is  weight  of  sulphur  per  gram. 

The  fixed  carbon  varies  from  about  42  to  67  per  cent  on  the  dry-coal 
basis.  The  proportion  of  fixed  carbon  indicates  in  a  general  way  the 
yield  of  coke  that  may  be  expected  from  a  coal;  that  is,  the  higher 
the  fixed  carbon  the  greater  the  probable  yield  of  coke.  The  fusibility 
and  swelling  when  heated  can  be  judged  to  some  extent  by  examining 
the  residue  from  a  fixed-carbon  determination,  but  this  does  not  afford 
a  criterion  of  the  result  of  heating  under  other  conditions. 

The  volatile  matter  ranges  from  about  37.5  to  46.5  per  cent  on  a  dry- 
coal  basis.  It  is  the  source  of  gas,  tar,  ammonia,  and  other  by- 
products. Parr  **  has  shown  that  a  large  part  of  the  volatile  matter  in 
Illinois  coal  is  inert.  Forty  per  cent  of  the  volatile  matter,  or  14  per 
cent  of  the  entire  coal,  is  inert,  as  contrasted  with  22  and  4.2  per  cent 
in  the  case  of  Pocahontas  coal  and  47  and  21.63  per  cent  in  the  case 
of  North  Dakota  lignite,  and  this  fact  should  be  given  consideration 
in  estimating  the  value  of  coal  for  gas  making.  When  coal  is  carbon- 
zied  the  inert  volatile  matter  is  driven  off  largely  as  water  of  decom- 
position, carbon  dioxide,  and  nitrogen.  These  constituents  are  not 
combustible  and  reduce  proportionately  the  quantity  of  useful  gas 
that  can  be  obtained. 

The  average  sulphur  content,  by  districts,  varies  from  1 .42  to  5.55  per 
cent  on  the  dry-coal  basis.  Some  mines  produce  coal  containing  less 
than  1  per  cent,  but  they  are  exceptions.    The  sulphur  is  combined  less 


«  Parr,  S.  W.,  Composition  and  character  of  Illinois  coals:  Illinois  State  Oeol.  Survey  Bull.  3, 1006, 86  pp. 
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chiefly  as  iron  pyrites  (FeSj) ;  but  part  of  it  is  combined  ¥^th  the  coal 
substance  in  organic  form.  Also  a  small  part  is  frequently  combined 
as  calcium  sulphate,  present  in  thin  white  flakes  along  the  cleavage 
planes  of  the  coal.  When  coal  is  coked  approximately  one-half  of  the 
sulphur  is  driven  off  in  the  volatile  matter  and  one-half  remains  in  the 
residue.    All  of  that  combined  as  sulphate  remains  in  the  coke. 

Ash  in  most  Illinois  coals  is  high,  averaging  about  10  per  cent  (dry- 
coalbasis).  It  islargely  an  incidental  impurity  and  varies  in  coals  from 
different  parts  of  a  district  and  even  in  coal  from  different  parts  of 
the  same  mine.  In  the  coking  process  all  of  the  ash  remains  in  the 
coke;  therefore  coke  shows  a  higher  percentage  of  ash  than  the  coal 
from  which  it  is  made.  High  ash  content  is  objectionable  because  the 
ash  replaces  an  equal  amoimt  of  combustible  in  the  coke  and  corre- 
spondingly decreases  the  heating  value.  However,  such  increase  of 
ash  is  more  than  offset  by  the  removal  of  inert  material.  As  pointed 
out  on  page  23,  the  inert  volatile  matter  may  amount  to  14  per  cent 
of  the  weight  of  Illinois  coal,  which,  added  to  the  moisture,  may  in- 
crease the  noncombustible  material,  aside  from  the  ash,  to  25  per 
cent  of  the  weight  of  the  coal.  Thus  the  coke  is  a  more  concentrated 
fuel  than  the  raw  coal,  even  though  the  coke  has  a  higher  ash  content. 

Phosphorus  in  Illinois  coals  is  usually  low.  All  of  the  phosphorus 
in  coal  is  retained  in  the  coke.  As  far  as  using  the  coke  for  metallurgi- 
cal purposes  is  concerned,  the  proportion  of  phosphorus  in  Southern 
Illinois  coal  is  not  objectionable. 


GBOUPma  OF  COALS  ACCOBDmO  TO  COMPOSITION. 

In  Table  2  following,  the  coals  are  arranged  according  to  their  fixed 
carbon  content  on  the  moisture-free  and  ash-free  basis,  the  values  for 
fixed  carbon  and  volatile  matter  being  obtained  by  calculation  from 
the  figures  given  in  Table  1.  The  values  for  oxygen  and  available 
hydrogen  are  averages  taken  from  ultimate  analyses  given  in  Bulletin 
16  of  the  Illinois  State  Greological  Survey.*  No  ultimate  analyses 
could  be  obtained  for  samples  from  districts  2  and  3. 

Table  2. — Average  aruilyies  of  Illinois  coals  arranaed  according  to  fixed  carbon  content 

on  the  moisture-free  and  ash-free  basis. 


Fixed 
carbon. 


Per  cent. 
60.0 
6.S.5 
57.8 
55.5 
52.9 
60.7 
50.6 
50.5 
50.3 
47.7 


Volatile 
matter. 


Oxygen. 


Available 
hydrogen. 


Seam  No. 


Percent. 

Per  cent. 

Per  cent. 

40.0 

41.5 

10.12 

3.98 

42.2 

9.75 

4.08 

44.5 

47.1 

11.41 

3.91 

49.3 

11.64 

3.76 

49.4 

11.61 

4.20 

49.5 

11.42 

4.09 

49.7 

11.32 

3.98 

52.3 

2 

6 
5 
2 
6 
6 
2 
5 
7 
1 


District 
No. 


2 
6 
5 
3 
8 
7 
1 
4 
8 
3 


a  Parr,  8.  W.,  The  chemical  composition  of  Illinois  coal:  Stote  Geol.  Survey  Bull.  16,  1910,  pp.  203-243. 
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The  table  shows  that  fixed  carbon  and  volatile  matter  vary  con- 
siderably in  samples  from  different  parts  of  the  same  bed.  For  ex- 
ample, Uie  samples  from  seam  2  in  district  2  contained  an  average  of 
60  per  cent  of  fixed  carbon,  whereas  samples  from  the  same  seam  in 
distriot  1  contained  an  average  of  50.6  per  cent  fixed  carbon.  Hence 
the  seam  nmnber  is  not  a  reliable  guide  to  the  composition  and  prop- 
erties of  any  sample  of  coal  from  it.  If  coal  from  a  certain  bed  in 
one  locality  produces  coke,  coal  from  the  same  bed  in  another  locality 
will  not  necessarily  produce  similar  coke. 

Coal  from  districts  2,  5,  and  6  contains  more  fixed  carbon  and  less 
Yolatile  matter  than  that  from  the  other  districts.  There  is  an  aver- 
age decrease  of  more  than  7  per  cent  in  fixed  carbon  and  a  corre- 
sponding increase  in  volatile  matter  in  the  coal  from  these  districts 
as  compared  with  that  from  districts  1,  4,  7,  and  8.  Coal  from 
districts  2,  5,  and  6  is  also  lower  in  oxygen  than  that  from  districts 
1;  4;  7,  and  8.  Although  no  ultimate  analyses  of  coal  from  district  2 
ate  available,  it  is  quite  likely  that  this  coal  is  also  low  in  oxygen,  as 
the  fixed  carbon  is  high. 

Districts  2,  5,  and  6  comprise  an  area  extending  across  the  southern 
part  of  the  State,  including  Jackson,  Franklin,  Saline,  and  Gallatin 
Counties  and  that  part  of  Perry  Coimty  east  of  the  Duquoin  anti- 
cline. The  coals  are  somewhat  similar  in  composition  and  differ  con- 
siderably from  the  other  coals  of  the  State,  being  higher  in  fixed  carbon 
and  lower  in  oxygen,  sulphur,  and  ash,  and  hence  better  suited 
for  coking.  These  coals  are  more  mature  than  the  other  coals  of  the 
State;  that  is,  they  retain  less  of  their  volatile  constituents,  as 
shown  by  the  higher  percentage  of  fixed  carbon  and  the  lower  per- 
centage of  oxygen.  In  these  respects  they  approach  nearer  to  the 
good  coking  coals  of  the  East,  which  are  characterized  by  a  relatively 
high  fixed  carbon  and  a  low  oxygen  content.  Just  what  relation 
exists  between  oxygen  and  the  coking  property  is  not  understood,  but 
seemingly  high  oxygen  content  in  a  coal  tends  to  destroy  the  coking 
property.  It  has  been  shown  on  a  laboratory  scale  that  coal  that 
has  been  heated  to  120^  C.  for  several  hours  in  an  atmosphere  con- 
twning  oxygen  tends  to  become  noncoking.  It  is  generally  believed 
that  weathered  coal  produces  poorer  coke  than  freshly  mined  coal, 
and  this  belief  may  be  justified  by  the  fact  that  weathering  is  largely 
a  slow  oxidation  of  the  coal  substance. 

As  regards  composition  alone,  the  coals  from  the  southern  part  of 
the  State — districts  2,  5,  and  6 — are  better  suited  for  coking  than  the 
other  coals.  This  statement  is  based  upon  the  average  composition 
by  districts;  certain  coals  in  any  one  distriot  may  differ  from  the 
average,  and  therefore  would  not  be  included. 
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EISTOSICAL  REVIEW  OF  COKDrG  OF  HLBTOIS  COALS. 

Fairly  satisfactory  results  were  obtained  in  some  of  the  early  at- 
tempts to  coke  Illinois  coals,  and  these  excited  strong  hopes  that  the 
problem  of  local  coke  production  had  been  solved. 

TESTS  REPORTED  BY  LUEBBEBS. 

In  1872  Luebbers «  described  a  process  of  making  coke  from 
Illinois  washed  slack  on  a  large  scale,  stating  that  although  certain 
experiments  under  way  were  in  their  infancy  the  results  were  prom- 
ising. 

The  ovens  were  built  in  the  form  of  an  arched  culvert,  1  ^  to  0  feet 
wide  and  closed  at  either  end  by  cast-iron  doors,  and  the  coke  was 
pushed  with  a  ram.  The  length  of  the  ovens  was  not  stated.  The 
ovens  were  built  in  rows  of  20  to  30.  The  coking  time  was  24  to  36 
hours.  The  coke,  which  was  somewhat  porous,  but  sufficiently 
dense  for  use  in  blast  furnaces,  weighed  about  38  pounds  per  bushel. 
The  yield  was  about  60  per  cent  of  the  weight  of  the  washed  coal. 
No  mention  is  made  of  the  location  of  the  ovens  nor  of  the  source 
of  the  coal  used. 

USE  OF  BEEHIVE  OVENS  AT  MUBPBTSBOBO,  ILL. 

In  about  1886  some  beehive  ovens  were  operated  at  Mount  Carboni 
near  Murphysboro,  111.  They  produced  considerable  coke,  probably 
three  or  four  hundred  thousand  tons.  Some  of  it  was  used  in  near-by 
blast  furnaces  and  some  of  it  for  reducing  zinc  ores  in  the  Missouri 
district.  The  ovens  were  abandoned  years  ago  and  are  at  present 
in  ruins.    The  coal  used  was  from  bed  2  in  district  2. 

EXPERIMENTS  IN  SANGAMON  COUNTY. 

Experiments  by  an  iron  company,  a  coal  company,  and  a  gas  com- 
pany are  described  in  an  article  by  Ridgely.^ 

Tlie  coal  company  was  throwing  away  more  than,  500  tons  of  fine 
coal  daily,  and  it  proposed  to  coke  this  coal,  from  Sangamon  Coimty, 
to  recover  the  tar  and  anmionia. 

An  experimental  oven  was  tried,  but  the  coke  was  not  satisfactory. 
The  company  then  undertook  to  use  the  coal  in  a  by-product  gas 
producer  and  recover  ammonia  and  tar.  All  of  the  ammonia  could 
not  be  recovered.  Although  as  high  as  45  pounds  of  ammonium 
sulphate  per  ton  was  obtained  at  times,  this  yield  could  not  be  main- 
tained regularly.    Altogether,  foiu*  or  five  hundred  tons  of  anmio- 

a  Luebbers,  H.  L.,  The  manufacture  of  coke  from  Illinois  coal:  Trans.  Am.  Soc.  Civil  Eng.,  vol.  2, 
1874,  p.  163. 

b  Ridcely,  Charles,  An  experiment  with  the  by-products  of  coal:  Illinois  Mln.  Inst.  Jour.,  vol.  3,  18»4, 
p.  39. 
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niuin  sulphate  and  about  5,000  barrels  of  tar  were  obtained.  As 
the  production  was  not  economical  the  work  was  stopped  and  has 
never  been  resumed. 

OVENS  AT  EQUALITY,  nX. 

About  1890, 24  ovens  were  constructed  at  Equality,  HI.  The  ovens 
w^e  about  20  feet  long,  5  feet  high,  and  20  inches  wide.  They  were 
built  in  a  row  with  a  flue  between  each  two  ovens.  Coke  was  made 
from  coal  from  district  5,  bed  5,  for  a  number  of  years,  but  since 
about  1910  the  ovens  have  been  idle.  Coke  of  good  quality  is  said 
to  have  been  produced,  but  a  high  sulphur  content  restricted  its 
usefulness. 

OVENS  NEAR  SPARTA,  ILL. 

Some  years  ago  102  ovens  of  similar  type  to  those  at  EquaUty 
were  erected  near  Sparta,  111.  It  is  understood  they  were  built 
to  make  coke  from  slack  coal  from  district  7,  bed  6.  The  ovens  were 
not  used  much,  some  of  them  never  being  fired.  They  are  still 
standing  but  have  been  idle  for  years. 

LBITEB  EXPERIMENTS  IN  SOXTTH  GHICAOO. 

About  1899,  Levi  Z.  and  Joseph  Leiter  supplied  the  funds  to 
enable  experiments  to  be  made  by  Joseph  Heminway  in  a  modified 
beehive  oven  invented  by  him.  Several  coals  were  tested  in  a  single 
oven,  with  gratifying  results,  and  later  24  ovens  were  built  at  Thirty- 
fourth  and  Iron  Streets,  South  Chicago,  where  tests  were  made  on  a 
lai^r  scale. 

The  ovens  differed  from  the  ordinary  beehive  type  in  being  fitted 
with  a  fan  for  supplying  hot  or  cold  air  over  the  surface  of  the  coal. 
By  this  arrangement  it  was  possible  to  obtain  a  higher  temperature 
and  better  control  in  heating  the  ovens.  Claims  were  made  that 
coke  could  be  produced  from  coals  previously  considered  noncoking, 
that  a  considerable  part  of  the  sulphur  could  be  eliminated,  and  that 
in  12  to  15  hours  coke  could  be  made  equal  to  the  usual  48  or  72  hour 
coke.    The  ovens  could  be  equipped  for  saving  by-products. 

The  process  was  owned  by  the  Universal  Fuel  Co.,  which  intended  to 
issue  licenses  to  operating  companies,  but  no  other  ovens  were  ever 
built,  so  far  as  known.  Coals  from  Ohio,  Indiana,  Illinois,  Iowa, 
and  Kansas  were  tested,  and  it  was  reported  the  coke  made  from 
them  was  suitable  for  metallurgical  use.  After  about  two  years, 
operation  of  the  ovens  at  South  Chicago  was  discontinued.  A 
description  of  the  ovens  and  some  of  the  results  obtained  have 

heen  given  by  Moss.<» 

*"  ■  -I 

'MoBB,  R.  8.,  Improred  Heminway  process:  Mines  and  IClnerals,  vol.  21, 1901,  p.  412. 
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OVENS  IN  ST.  CIaAJB  COUNTY. 

About  1902  five  or  six  beehive  ovens  were  built  to  make  coke 
from  St.  Clair  County  coal.  It  was  stated  that  the  ovens  were 
built  because  a  suitable  contract  price  could  not  be  obtained  for 
Eastern  coke.  After  the  ovens  had  been  completed  a  satisfactory 
price  was  obtained  and  they  were  little  used.  The  coke  was  used 
for  burning  lime  and  was  said  to  be  satisfactory  for  that  purpose. 

EXPEBIHENT8  NEAR  HABBISBUEG,  ILL. 

An  experimental  oven  has  been  erected  near  Harrisburg,  HI.,  and 
various  Illinois  coals  have  been  tried  in  it.  Although  the  results  have 
been  sufficiently  promising  to  warrant  the  expenditure  of  considerable 
money,  and  although  it  is  claimed  that  coke  can  be  made  from  Illi- 
nois coals,  at  present  the  process  is  still  in  the  development  stage. 

Summers,^  the  inventor,  believes  that  good  coke  can  be  made  in  this 
oven  from  coal  regarded  as  noncoking.  The  oven  consists  of  a  retort 
through  which  the  coal  is  caused  to  move  continuously  and  a  furnace 
for  heating  the  retort.  Coal  is  charged  through  a  hopper  at  one  end 
of  the  retort,  and  coke  is  discharged  at  the  other  end.  The  temper- 
ature increases  from  the  charging  end  to  the  exit  end  and  volatile 
matter  that  is  driven  off  at  low  temperature  is  forced  to  pass  through 
hot  coal  or  coke,  thereby  being  decomposed  and  depositing  carbon, 
which  cements  the  particles. 

DETAILED  BESITLTS  OF  COKING  TESTS  OF  ILLINOIS  COALS. 

SCOPE  OF  TESTS  BEVIBWED. 

The  detailed  results  of  coking  tests  of  Illinois  coals  presented  in 
the  following  pages  include  results  of  tests  at  high  temperatures  in 
beehive  and  by-product  ovens,  in  gas  retorts,  and  in  the  labora- 
tory. The  results  given  include  those  obtained  with  Illinois  coals 
alone,  with  mixtures  of  20  to  90  per  cent  of  Illinois  coal  with  low- 
volatile  coals,  and  with  one-third  Illinois  coals  used  in  combination 
with  two-thirds  Eastern  gas  coal.  Some  of  the  records  of  tests  are 
complete  enough  to  include  figures  for  the  yield  of  by-products, 
whereas  others  are  incomplete  and  contain  information  on  a  parties 
idar  part  of  the  process  only.  In  some  tests  the  coke  was  used  in  a 
blast  fxmiace,  a  cupola,  or  a  water-gas  generator,  or  as  fuel  for  heat- 
ing retorts  and  generating  steam,  but  in  most  cases  the  quality  was 
judged  from  physical  properties  and  appearance.  It  is  believed  that 
the  results  given  are  sufficient  to  show,  in  a  general  way,  the  char- 
acter of  the  results  that  have  been  obtained  up  to  the  present  time. 

The  results  of  the  coking  of  lUinois  coals  at  low  temperatures  are 
not  included.    Low-temperature  coking  has  been  investigated  by 

o  Sttmmen,  L.  L.,  U.  8.  patents  943609  and  943610,  Dec.  14, 1909;  U.  8.  patent  961786,  Mar.  8, 1910. 
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Parr  and  others  at  the  University  of  Illinois.*  They  obtained  a 
solid  residue,  containing  18  to  22  per  cent  of  volatile  matter,  which 
makes  a  smokeless  fuel  sidtable  for  domestic  purposes.  In  a  suction 
gas  producer  it  proved  fully  equal  if  not  superior  to  anthracite.  The 
tur  contains  28  to  30  per  cent  of  tar  acids  and  gives  promise  of  being 
suitable  for  wood  preservation.  Plans  are  under  way  for  extending 
the  experiments,  to  allow  study  of  the  process  on  a  commercial 
basis. 

DISTBIBirriON  OF  COALS  TESTED. 

Coals  from  districts  1,  4,  5,  6,  7,  and  8  (fig.  1)  are  represented  in 
the  results  of  tests  presented.  Table  3  gives  the  number  of  coals 
tested  in  each  kind  of  oven  and  the  district  and  seam  from  which 
each  coal  was  obtained.  Most  of  the  tests  were  made  with  southern 
Illinois  coals,  especially  those  from  district  ,6.  No  results  of  tests  of 
coals  from  districts  2  and  3  are  given.  Coal  from  district  2  is  being 
used  successfully  for  manufacturing  illuminating  gas  and  would 
undoubtedly  give  as  good  results  as  any  Illinois  coals  in  by-product 
ovens.  However,  the  possible  output  is  small  and  therefore  it  does 
not  ofiFer  much  of  a  field  for  development. 

Table  3. — Diatribution  of  coals  tested. 


District  No. 

■ 

Seam  No. 

Number  of  coals  tested  In— 

By-i»t)dact 
ovens. 

Beehive 
ovens. 

Oas  re- 
torts. 

1 

f   1 

5 
6 
6 
6 

2 

1 

2 

5 

32 

1 
1 

1 

4 

1 
1 

5 

1 

6 :.... 

9    1                fi    1 

7 

12 

8 

1                     1 

AVAILABLE  DETAILS  OF  TESTS. 

The  results  of  tests  have  been  collected  from  various  sources.  The 
conditions  under  which  they  were  run  were  different  and  it  was  im- 
possible to  obtain  details  of  some  of  the  tests.  Methods  of  sampling 
and  analyzing  the  products  and  preparing  the  coal  differed,  as  did 
the  temperatures  of  carbonization,  and  in  many  instances  complete 
infonnation  on  these  points  could  not  be  obtained.  The  results  are 
not  all  stated  on  the  same  basis.  For  example,  in  some  of  the  tests 
the  analysis  of  coal  and  coke  and  the  yield  of  coke  are  given  on  the  dry 
basis,  and  in  others  they  represent  coal  ''as  received;"  or  the  figures 

•  See  Put,  S.  W.,  and  Olin,  H.  L.,  The  coking  of  ooal  at  low  temperatures:  Univ.  of  Illinois  Bull.  60, 
1912, 46  pp.;  Parr,  S.  W.,  and  Olin,  H.  I^,  The  coking  of  coal  at  low  lemperatures,  with  special  references 
to  the  properties  and  composition  of  the  products:  Univ.  of  Illinois  Bull.  79, 1915,  pp.  29-^;  Parr,  S.  W., 
and  Francis,  C.  K.,  The  modlfteatioQ  of  Illinois  ooal  by  low-tempeiatore  distlUation:  Univ.  of  Illinois, 
BuU.  24, 1908,48  pp. 
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for  gas  may  not  haye  been  reduced  to  the  same  conditions  of  tern- 
peratm^  and  pressm'e  in  all  cases.  For  these  reasons  care  should 
be  used  in  comparing  the  figures  and  too  much  reliance  should  not 
be  placed  upon  the  results  of  a  smgle  test. 

Observations  on  the  tests  are  not  uniform  and  information  as  to 
some  tests  is  brief.  When  possible,  all  of  the  information  available 
has  been  included  in  tables.  In  some  cases  the  tests  are  treated 
individually,  because  of  lack  of  uniformity  in  the  information  and 
the  difficulty  of  including  in  the  tables  all  the  data  available. 

TESTS  IN  BEBHIVB  OVENS. 
OVENS  AT  SESSER,  ILL. 

Two  experimental  beehive  ovens  were  built  by  a  coal  company  at 
Sesser.  The  ovens  were  both  12  feet  in  diameter,  one  of  them  being 
6  feet  3  inches  high  and  the  other  7  feet  3  inches  high.  Several  tests 
were  made  of  lump  and  run-of-mine  coal,  and  of  screenings  from  the 
company's  mine,  district  6,  seam  6,  including  tests  of  charges  of 
imcrushed  and  of  finely  crushed  coal.  The  weights  varied  from  5 
to  6}  tons  and  the  time  of  coking  from  34  to  82  hours. 

As  a  result  of  the  tests  the  opinion  was  stated  that  coke  of  good 
quality,  suited  for  any  commercial  use,  could  be  made  from  this 
coal.  Washing  was  necessary  for  the  run-of-mine  coal  and  the 
screenings,  and  was  recommended  for  the  Imnp  coal.  Fine  crushing 
was  necessary  in  order  to  decrease  the  effect  of  imfused  material  in 
coke  made  from  unwashed  coal.  The  yield  of  coke  was  about  57  per 
cent.  The  same  coal  was  tested  by  the  United  States  Geological 
Survey,  the  results  being  given  in  Table  4.*  It  has  also  been  tested 
in  by-product  ovens. 

€X)EING    TESTS    MADE    BY    UNITED    STATES    GEOLOGICAL    8UBVET. 

• 

Before  the  establishment  of  the  Bureau  of  Mines  the  United  States 
Geological  Survey  made  coking  tests  in  beehive  ovens  of  coals  from 
different  parts  of  the  country.  From  1904  to  1907  the  work  was 
carried  on  at  St.  Louis,  Mo.  In  1907  the  equipment  was  transferred 
to  Denver,  Colo.,  where  work  was  continued  imtil  the  summer  of 
1909.  The  testing  of  fuels  was  subsequently  transferred  to  the  Bu- 
reau of  Mines,  and  the  results  of  the  work  have  been  published  in 
bulletins  of  the  Geological  Survey  ^  and  the  Bureau  of  Mines.^ 

a  See  results  for  Denver  Nob.  15A  and  15B  (p.  84). 

bStommler,  F.  W.,  Coking  tests:  U.  S.  Geol.  Survey  Prof.  Paper  4S,  pt.8, 1906,  p.  1326;  Belden,  A.  W., 
Coking  tests:  U.  S.  Oeol.  Survey  Bull.  290, 1906,  p.  38;  Beldeh,  A.  W.,  Coking  tests:  U.  S.  Geol.  Survey 
BulL  332, 1908,  p.  32;  Moldenke,  R.,  Belden,  A.  W.,  Delamater,  O.  R.,  Washing  and  coking  tests  of  ooal 
and  cupola  tests  of  ooke:  U.  S.  OeoL  Survey  Bull.  336, 1908,  p.  18. 

e Belden,  A.  W.,  Delamater,  O.  R.,  Groves,  J.  W.,  and  Way,  K.  M.,  Trashing  and  ooking  tests  of  coal, 
at  Denver,  Colo.,  July  1, 1908,  to  June  30, 1909:  Bull.  5,  Bureau  of  Mines,  1910, 62  pp.,  1  fig. 
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Dming  this  tiine  45  cokmg  tests  were  made  of  20  different  Illinois 
ooa]s.  The  tests  at  St.  Louis  were  made  in  a  battery  of  three  beehive 
oTens  of  standard  size  and  shape.  Most  of  the  tests  were  made  in 
the  two  end  ovens.  After  the  first  few  tests  the  bottom  of  one  of 
the  end  ovens  was  raised  8  inches  in  order  to  bring  the  charge  nearer 
the  dome  and  effect  a  more  rapid  penetration  of  heat.  The  tests  at 
Denver  were  made  in  a  battery  of  two  beehive  ovens,  12  feet  in  diam- 
eter, one  being  7  feet  high,  the  other  6  feet  3  inches. 

The  coal  charged  to  the  ovens  was  passed  through  rolls  which  re- 
duced it  to  1^  inches  or  smaller  in  the  tests  of  Illinois  No.  1  to  Illinois 
No.  5  coals;  in  the  other  tests,  unless  otherwise  stated,  the  coal  was 
cmahed  so  that  practically  all  of  it  passed  through  a  10-mesh  sieve. 
The  weight  of  charges  and  the  coking  time  were  varied  with  the  same 
coal  and  the  effect  of  these  changes  upon  the  quaUty  of  the  coke 
was  noted. 

A  brief  summary  of  these  tests  is  given  in  Table  4.  More  detailed 
information  is  given  in  the  bulletins  cited.  The  designation  of  the 
coals  is  that  used  by  the  United  States  Geological  Survey  and  the 
Burean  of  Mines. 

The  analyses  of  coals  are  on  the  basis  of  coal  as  charged.  Moisture 
in  the  washed  coal  is  often  higher  than  in  the  coal  ''as  received/' 
some  water  being  retained  from  the  washing  process. 

The  analyses  of  coke  are  on  the  ''as-received''  basis,  and  the  re- 
sults include  moisture  from  water  used  in  quenching. 

The  yield  of  coke  is  based  on  the  weight  of  coal  as  charged  to  the 
oven,  so  that  owing  to  the  high  moisture  content  in  some  of  the  coals, 
the  percentage  yield  of  coke  calculated  in  this  way  is  low. 

The  item  "coke"  includes  everything  that  remains  after  thorough 
shaking  on  a  fork  having  tines  1}  inches  apart. 

The  item  "breeze"  includes  everything  that  will  pass  through  a 
fork  having  tines  1^  inches  apart.  Its  percentage  is  higher  than 
from  regular  operations. 
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TESTS  OP  FRANKLIN  COUNTY  COAL  AT  REPUBLIC,   PA. 

The  foUowmg  infonnation  is  taken  from  the  report  of  a  test  of  coal 
from  Franklin  County,  district  6,  seam  6,  made  by  a  large  iron  and 
steel  company.  The  coal  was  coked  in  the  company's  beehive  ovens 
at  Republic,  Pa.,  and  the  coke  was  tested  in  the  company's  blast 
Aimace  at  Sharon,  Pa. 

COKING  TESTS. 

Ten  single-row  ovens  were  set  aside  for  the  test,  the  ovens  being 
in  good  condition  at  the  time  of  starting.  First,  the  ovens  were 
charged  with  run-of-mine  coal.  The  coke  resulting  was  practically 
worthless  for  blast-furnace  use.  Next,  the  ovens  were  chained  with 
crushed  coal  and  burned  72  hours.  No  great  difference  could  be 
noticed  in  the  coke  so  made.  The  ovens  were  then  charged  with 
crushed  coal,  wet,  as  though  it  had  gone  through  a  washer.  The 
wetting  appeared  to  tamp  the  coal  in  the  oven  and  a  heavier  and 
denser  coke  was  produced,  the  cells  being  much  smaller  than  those 
in  the  coke  made  from  dry  coal. 

A  summary  of  the  results  of  the  coking  tests  f  oUows : 

Sttmmary  ofrettdU  of  coking  tetts  of  lUinois  coal  at  RepiU>liCf  Pa, 

Total  amount  of  coal  charged ,  tons 438 .  19 

Total  amount  of  coke  made,  tons 224. 30 

Duration  of  test,  days 16 

Coal  charged  per  day,  tons 27. 38 

Coke  made  per  day,  tons 15. 26 

Tons  of  coal  to  net  tons  of  coke 1. 90 

Total  ovens  drawn 70 

Coal  charged  per  oven,  tons 6. 25 

Coke  made  per  oven,  tons 3. 20 

Yield  of  commercial  coke,  per  cent 51.19 

Yield  of  coke  and  refuse,  per  cent 57. 25 

Average  temperature  of  ovens,  **F 2,  546 

Average  renUU  of  analyses  of  coal  and  coke. 

Coal.      (kke. 

Volatile  matter,  per  cent 2. 84 

Fixed  carbon, -per  cent 83.62 

Ash,perc«it 7.31  13.54 

Sulphur,  per  cent 1.26  1.15 

Phosphorus,  per  cent 008       .  0115 

€X>NCLU8I0N8. 

The  following  conclusions,  based  on  the  results  of  the  tests,  were 
drawn: 

The  coal  would  not  make  satisfactory  coke  without  crushing. 

The  best  coke  from  the  test  was  obtained  from  coal  crushed  so  that 
it  would  pass  through  a  screen  in  which  the  holes  were  not  greater 
than  ^  inch  in  diameter. 
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A  heavier  and  denser  coke  was  made  by  wetting  the  coal. 

The  best  way  to  coke  this  coal  was  to  start  the  ovens  with  heavy 
draft,  gradually  closing  the  draft  as  the  oven  was  burned  off.  Driving 
the  volatile  matter  off  quickly  gave  a  harder  and  better  colored  coke. 

The  average  tonnage  per  oven,  12  feet  6  inches  diameter,  was  not 
over  4  tons  of  coke. 

The  yield  of  coal  to  coke  was  10  per  cent  less  than  the  average 
yield  obtained  from  ConnellsviUe  coal. 

The  coke  could  probably  have  been  improved  if  the  coal  had  been 
washed,  so  as  to  reduce  the  ash  and  sulphur  contents. 

USB   OF  CO  KB   IN   BULBT  FURNACE. 

The  coke  was  found  to  be  porous  and  of  low  specific  gravity, 
weighing  about  14.2  per  cent  less  than  the  coke  generally  used. 
Although  it  did  not  look  soft  and  had  a  fair  structure,  it  acted  in  the 
furnace  as  if  it  did  not  have  much  strength,  and  when  it  was  unloaded 
and  handled,  it  broke  into  small  blocks.  The  Illinois  coke  was  started 
in  the  furnace  on  the  twentieth  round,  day  turn,  December  16,  and 
its  use  continued  until  the  first  roxmd  of  the  night  turn  of  December 
17,  or  159  rounds.  At  the  same  time  a  change  was  made  in  the  lime 
charged,  to  allow  for  the  difference  in  composition  of  this  coke. 
After  the  coke  had  been  used  about  four  hours  the  furnace  began  to 
sUp,  became  somewhat  cold,  and  worked  in  this  manner  imtil  all  the 
Illinois  coke  had  been  used. 

COKING  TESTS   AT   LINTON,  IND. 

In  about  1908  four  coking  tests  were  made  by  a  coal  and  coke 
company  at  Linton,  Ind.,  of  different  sizes  of  coal  from  Franklin 
County,  district  6,  seam  6.  They  were  made  in  a  battery  of  10  bee- 
hive ovens,  which  were  12  feet  in  diameter  and  8  feet  high.  There 
were  no  scales  at  the  plant  and  the  yields  given  are  calculated  on 
railroad  weights.  The  sampling  and  analyzing  were  done  carefully 
and  as  accurately  as  was  possible. 

All  the  coal  coked  well  and  ignited  quickly  in  the  ovens.  The  coke 
from  the  screenings  showed  that  they  should  be  washed  to  improve 
the  quaUty.  The  average  yield  of  coke  from  the  coal  as  charged  was 
about  62  per  cent.  Breeze,  including  ash,  was  6.7  per  cent.  Data 
regarding  the  tests  are  given  in  Table  5  following : 


RESULTS  OF  COKING  TESTS. 


37 


Tablb  5. — RenUts  of  eobing  U$ts  of  Franklxn  CourUy  oocd  at  Linton,  Ind, 
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TESTS  IN  BY-PBODTJCT  OVENS. 

Most  of  the  tests  in  by-product  ovens  were  made  on  a  large  scale 
under  actual  operating  conditions.  They  were  carried  on  during 
regular  operation  by  chai^ng  one  or  more  ovens  with  test  coal.  A 
few  "box"  tests  were  made,  as  follows:  About  500  pounds  of  coal 
were  put  in  a  suitable  container  and  placed  in  an  oven.  The  yield  and 
the  quality  of  coke  produced  could  be  determined,  but  in  most  cases 
it  was  not  possible  to  determine  the  yield  of  by-products.  These 
passed  into  the  regular  recovery  system  and  mixed  with  the  products 
of  distillation  from  the  othei*  ovens  in  the  battery. 

In  most  of  the  tests  the  by-products  were  determined  in  the  labo- 
ratory. Laboratory  tests  usually  show  higher  results  than  those  ob- 
tained in  commercial  practice,  and  the  results  should  not  be  com- 
pared directly  with  oven  yields  unless  the  method  has  been  corre- 
lated with  practice;  even  then  it  may  be  necessary  to  apply  a  cor- 
rection factor.  Conditions  in  the  laboratory  are  more  uniform  and 
can  be  controlled  better  than  in  the  ovens;  therefore  the  laboratory 
test  can  be  used  as  a  guide  to  determine  whether  the  ovens  are  oper- 
ating satisfactorily  and  whether  the  maximum  yield  of  by-products 
is  being  obtained.  In  some  plants  experimental  ovens  are  being 
equipped  with  separate  recovery  systems  in  which  by-products  from 
one  or  more  ovens  can  be  treated  separately  and  the  yields  deter- 
mined. This  arrangement  will  allow  experiments  to  be  made  in  a 
more  satisfactory  manner  and  should  result  in  making  available 
much  valuable  information. 


DETAILED  RESULTS   OF  TESTS. 


Detailed  results  of  coking  tests  in  by-products  ovens  follow. 

Regarding  the  results  for  tests  15,  16,  18,  26,  27,  28,  29,  32,  33, 
and  34,  the  figures  for  yields  of  by-products  are  from  oven  tests. 
These  were  made  at  Chattanooga,  Tenn.,  in  a  small  battery  of  Rob- 
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erts  ovens,  the  entire  battery  being  operated  on  the  test  coal.  The 
data  were  furnished  by  Mr.  Arthur  Koberts,  president  of  the  Ameri- 
can Coal  &  By-products  Coke  Co.  No  detailed  description  of  the  coke 
from  these  tests  was  obtained,  but  a  representative  of  the  company 
stated  that,  in  his  opinion,  it  was  suitable  for  metallurgical  use  al- 
though it  had  not  been  actually  tried  in  a  furnace.  It  is  understood 
that  a  battery  of  Roberts  ovens  which  will  use  Illinois  coal  for  mak- 
ing metallurgical  coke  is  to  be  built  near  St.  Louis. 

•  TKBT  1. 

In  test  1,  about  300  tons  of  ^-inch  washed  coal  from  Williamson 
County,  district  6,  seam  6,  was  used  and  the  resultant  coke  was  tried 
as  locomotive  fuel  by  the  Illinois  Central  Railroad  Co.  The  result  is 
not  known. 

The  coke  looked  rough  and  had  poor  cell  structure,  but  was  com- 
paratively strong  and  shipped  fairly  well.  The  coke  was  high  in  ash 
and  suitable  for  fuel  and  domestic  purposes  only.  It  tended  to 
break  in  cross  fractiires  and  in  the  shatter  test  an  average  of  53.6 
per  cent  stayed  on  the  screen.  The  shatter  test<»  is  used  to  deter- 
mine the  relative  breakage  during  handling.  The  results  given  are 
the  percentage  remaining  on  a  2-inch  screen. 

Tabulated  results  of  the  test  follows : 

Data  regarding  tewt  1. 

Wet  coal  chaiiged,  pounds 611, 160 

Dry  coal  charged,  pounds 531,458 

Wet  coke  producea,  pounds 400, 000 

Dry  coke  produced,  pounds 390,393 

Average  coking  time,  hours 23J 

AnalytU  of  dry  coal  and  coke  from  lut  1. 

CoaL  Coke. 

Volatile  matter,  per  cent 32. 7  1. 5 

Fixed  carbon,  per  cent 56. 3  84. 5 

Aat,  per  cent 11. 0  14. 0 

Sulpnur,  per  cent 84  .72 

Phosphonis,  per  cent 009  .  Oil 

TEST  2. 

In  test  2,  one  car  of  washed  coal  from  Franklin  County,  district  6, 
seam  6,  was  used.  It  was  pulverized  before  being  charged,  so  that 
70.4  per  cent  passed  through  |-inch  openings  and  94.4  per  cent 
through  1-inch  openings.  Three  charges  were  made  in  a  single  oven. 
In  one  the  coal  was  charged  loose  in  the  ordinary  manner  and  in  the 
other  two  it  was  compressed  before  being  charged.  The  coking  time 
was  longer,  about  46  hours,  and  the  temperature  of  the  ovens  lower 
than  usual,  being  approximately  900®  to  950®  C. 

a  For  a  description  of  the  apparatus  and  method  used  in  oondocting  the  test,  see  Beldeo,  A.  W.,  Matal- 
lurgioal  coke:  Tech.  Paper  50,  Bureau  of  Mines,  1913,  p.  38. 
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The  coke  from  the  loose  charge  was  of  fairly  good  size  with  no 
indication  of  sponge.  It  shattered  badly  when  dropped,  breaking 
into  nut  size  with  a  large  amount  of  breeze.  The  cell  structure  was 
fairly  r^ular  with  a  rather  large  percentage  of  cell  space  but  with 
thin  cell  walls.  The  fusion  was  complete.  The  slower  coking  slightly 
reduced  the  formation  of  fingers  but  did  not  add  much  to  the  thick- 
ness of  the  ceU  walls.  The  coke  from  the  compressed  chaiges  was 
similar  to  that  from  the  coal  charged  loose,  there  being  little  change 
in  toughness  or  resistance  to  crushing.  It  was  not  of  the  highest 
metallurgical  grade.  The  yields  of  coke,  gas,  and  tar  were  Qot  deter- 
mined. The  yield  of  ammoniimi  sulphate  by  the  laboratory  method 
was  34.7  pounds  per  ton  of  coal. 

Analysts  of  coal  and  coke  from  test  t. 
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3. 

In  test  3,  a  car  of  coal  from  Franklin  County,  district  6,  seam  6, 
was  used.  It  was  crushed  so  that  89.6  per  cent  passed  through 
i-inch  openings  and  96.4  per  cent  through  ^-inch  openings.  Five 
single-oven  charges  were  made  under  different  conditions. 

First,  niinois  coal  only  was  charged  into  a  very  hot  oven  and  coked 
inl8  hours.  The  coke  varied  in  size  from  very  small  up  to  pieces  6 
inches  across  the  butt  end,  with  a  tendency  to  break  into  needlehke 
pieces.  It  showed  considerable  cross  fracturing  and  when  dropped  it 
broke  into  small  pieces  with  a  large  proportion  of  breeze.  The  cell 
structure  was  fairly  uniform  throughout  the  length  of  the  pieces,  the 
Walls  were  thin,  and  the  cell  space  was  42.5  per  cent.  The  top  of  the 
charge  had  a  tendency  to  sponge  and  a  few  pieces  in  the  charge  had 
a  granular  structure  with  no  cells.  At  the  center  of  the  charge  the 
coke  had  a  tendency  to  curl.  Because  of  its  friability  and  weakness 
it  would  not  be  considered  a  high-grade  metallurgical  fuel. 

Second,  Illinois  coal  only  was  charged  into  an  oven  of  moderate 
heat  and  coked  in  25  hours.  The  coke  appeared  much  the  same  as 
bom  the  first  charge  except  that  it  tended  to  form  in  more  blocky 
pieces. 

Third,  Illinois  coal  only  was  compressed  in  a  stamping  machine 
before  being  charged  into  a  moderately  hot  oven,  and  was  coked  in 
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24  hours.  The  coke  appeared  much  the  same  as  from  the  im( 
pressed  charge,  except  that  it  was  heavier  and  denser  with  a  sm 
percentage  of  cell  space.  There  was  little  or  no  improvemer 
friability  and  strength  of  cell  walls.  Its  use  would  be  limited 
that  of  the  coke  from  uncompressed  coal. 

Fourth,  85  per  cent  of  lUinoia  coal  was  mixed  with  15  per  cei 
low-Tolatile  coking  coal,  charged  into  a  hot  oven,  and  coked  I 
hours.  The  coke  was  in  pieces  of  irr^ular  edze  up  to  4  inches  ba 
the  butt.  It  showed  no  tendency  to  break  into  fingerlike  pieces 
a  aUght  tendency  to  cross  check.  When  dropped  it  had  an  irrt^ 
fracture,  breo^ng  into  small  pieces  with  considerable  breeze.  It  I 
poor  external  appearance  with  a  dead-black  surface  and  a  dull 
The  cell  structure  was  rather  open  and  irregular,  *the  walla  I 
fairly  thick.  A  few  pieces  in  the  charge  had  a  granular  stnic 
This  coke  was  somewhat  sbvnger  and  better  than  from  lUinois 
alone. 

Fifth,  a  mixture  of  75  per  cent  of  Dlinois  coal  and  25  per  cei 
low-volatile  coal  was  chained  into  a  hot  oven  and  coked  in  18  h 
The  coke  was  in  pieces  of  irr^^ar  size  up  to  8  inches  across  the 
end.  In  general  appearance  it  was  about  the  same  as  that  fron 
85-15  per  cent  mixture.  It  was  the  best  coke  of  any  produci 
the  teet. 

The  yields  of  coke,  gas,  and  tar  were  not  determined.  The 
of  ammonium  sulphate  by  the  laboratory  method  was  29.68  po 
per  ton  of  coal. 

Awdytu  o/  coal  and  cokt  and  phyiical  pwpertia  o/  coke,  lot  S. 
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TB8T  4. 

For  test  4,  seven  cars  of  coal  from  Franklin,  County,  district  6, 
seam  6,  were  used.  The  coal  was  crushed  so  that  79.5  per  cent  passed 
through  |-inch  openings  and  96.1  per  cent  through  J-inch  openings. 
Twenty-^ight  ovens  were  charged,  and  the  average  coking  time  was 
23)  hours. 

The  general  appearance  of  the  ooke  is  shown  in  Plate  III,  A. 
A  characteristic  feature  was  the  tendency  to  form  curved  pieces, 
especially  at  the  bottom  of  the  oven.  The  coke  had  a  marked  ten- 
dency to  break  into  fingerlike  pieces  about  1  inch  in  diameter.  It 
was  remarkably  free  from  cross  fractures  but  was  very  brittle.  When 
tumbled  in  a  pile  it  gave  a  rustling  sound.  The  cell  structure  was 
fairly  uniform,  the  cells  being  small  and  numerous,  and  the  walls 
thm.  Many  pockets  were  foimd  where  the  coke  did  not  seem  to 
fuse. 

Approximately  290  tons  of  this  coke  was  used  in  a  oopper  blast 
fumace  to  determine  its  suitability  for  such  use.  The  fact  was 
demonstrated  that  the  furnace  could  be  run  on  this  ooke. 

Data  from  teat  4^ 

Cool  chaiged,  tons 379 

Yield  of  dry  coke,  including  breeze,  per  cent 76. 9 

(NH4)3S04  per  ton,  from  laboratory  test,  pounds 29. 36 

Shatter  test,  per  cent  retained  on  2-inch  screen 37. 2 

Apparent  specific  gravity  of  coke 0. 85 

Real  specific  gravity  of  coke 1. 43 

Porosity  of  coke,  per  cent 42 

Analysis  of  coal  and  coke,  test  4- 

CoaL  Coke. 

Moisture,  per  cent 8. 28  9. 05 

Volatile  matter,  per  cent 37. 09  .87 

Fixed  carbon,  per  cent 52. 71  84. 85 

Ash,  per  cent 10. 20  14. 28 

Sulphur,  per  cent 1.25  1.02 

Phosphorus,  per  cent 008  .  015 

TEST  5.  « 

In  test  5,  coal  from  Franklin  County,  district  6,  seam  6,  was  used. 
The  coal  was  crushed  so  that  92.3  per  oent  passed  through  |-inch 
openings.  Four  ovens  were  charged,  three  of  them  xmder  regular 
operating  conditions.  In  the  fourth  the  gas  was  cut  down  in  order 
that  the  efiFect  of  low  heat  might  be  observed.  In  the  first  three 
ovens  the  average  coking  time  was  18f  hours,  and  in  the  fourth 
the  coke  was  pushed  green  in  19^  hours. 

In  addition,  three  lots  of  coal,  weighing  about  600  poxmds  each, 
were  specially  prepared  in  boxes  before  being  inserted  in  the  ovens. 
Box  1  was  filled  with  wet  compressed  coal,  which  was  pushed  in 
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20  hours  after  charging;  it  was  rather  underdone.  Box  2  was  filled 
with  dry  compressed  coal,  which  was  put  in  an  oven  at  the  ordinary 
temperature,  and  pushed  in  18i  hours.  Box  3  was  filled  with  wet 
imcompressed  coal,  which  was  coked  at  the  same  temperature  and 
for  the  same  time  as  the  dry  coal  in  box  2. 

The  coke  from  the  first  three  ovens  was  of  medium  size  and 
showed  few  cross  fractures.  It  was  fingerlike  and  brittle  and  showed 
partly  fusQ^  material.  The  cells  were  small  and  somewhat  irregular. 
The  coke  from  the  fourth  oven,  in  which  the  charge  was  coked  at 
low  temperature  and  pushed  green,  showed  a  more  blocky  structure 
than  the  others,  but  it  was  soft  and  easily  broken.  The  box  tests 
seemed  to  indicate  that  wetting  and  compressing  the  coal  improved 
the  quality  of  the  coke,  making  it  tougher  and  more  blocky  and 
giving  a  larger  cell  structure.  Coke  from  the  wet  uncompressed 
coal  was  blocky  and  had  a  large  cell  structure.  The  dry  compressed 
coal  gave  a  coke  similar  to  that  from  the  wet  compressed  coal. 

DcUa  from  four  oven  charges,  test  5, 

Dry  coal  charged,  pounds 38, 996 

Dry  coke  produced,  pounds 29, 947 

Coke,  per  cent 76. 8 

Result  of  shatter  test,  per  cent  held  on  2-inch  screen 51. 6 

Apparent  specific  gravity  of  coke 78 

Real  specific  gravity  of  coke 1. 62 

Porosity,  per  cent 49. 6 

(NH4)2S04  per  ton,  from  laboratory  test,  pounds 27 

Tar  per  ton,  gallons 6 

Gas  per  ton,  cubic  feet 9, 700 

Aruilysis  of  coal  and  cohe,  test  5. 

Coal.  Coko. 

Moisture,  per  cent 8.45  11.40 

Volatile  matter,  per  cent 35. 21  1. 81 

Fixed  carbon,  per  cent 54. 30  84. 25 

Ash,  per  cent 10. 49  13. 94 

Sulphur,  per  cent 1.10  .82 

Phosphorus,  per  cent Oil  .  013 

*  TEST  6. 

In  test  6,  washed  slack  from  Franklin  County,  district  6,  seam  6, 
was  used.  The  coal  was  crushed  so  that  72  per  cent  passed  through 
J-inch  openings  and  84  per  cent  through  J-inch  openings.  One  oven 
charge  was  made  of  Illinois  coal  alone,  and  box  tests  were  made  of 
mixtures  of  90  per  cent  Illinois  coal  and  10  per  cent  low-volatile  coal, 
80  per  cent  Illinois  coaJ  and  20  per  cent  low-volatile  coal,  70  per  cent 
cent  Illinois  coal  and  30  per  cent  low-volatile  coal,  and  60  per  cent 
Illinois  coal  and  40  per  cent  low-volatile  coal.  The  coking  time  in 
each  case  was  16  hours. 
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The  coke  from  the  oven  charge  was  fingerlike  and  brittle,  with 
few  cross  checks.  The  coke  from  the  box  tests  was  more  blocky,  with 
irregular  cell  structure. 

AnahftisofcoaUtuedinteHe.  Loir- 

minotB       irolatlle 
oobL  oobL 

Moistuxe,  per  cent 0.60  0.90 

Volatile  matter,  per  cent 34.08  18.73 

Fixed  carbon,  per  cent 55. 52  77.31 

Aah,  percent 9.95  3.66 

Solphur,  percent 1.22  .76 

Analjf$U  o/e(Jte,  te»t  €. 
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TB8T  7. 

Coal  from  Williamson  County,  district  6,  seam  6,  was  used  in  test  7. 
Oven  charges  were  made  of  mixtures  of  70  per  cent  Illinois  coal  with 
30  per  cent  low-volatile  coal,  60  per  cent  Illinois  coal  with  40  per  cent 
low-volatile  coal,  and  50  per  cent  Illinois  coal  with  50  per  cent  low- 
volatile  coal.  The  coals  were  pulverized  and  mixed  before  being 
charged. 

The  mixtures  required  a  somewhat  longer  coking  time  than  the 
regular  charges  used  in  the  ovens.  The  coke  from  the  70-30  mixture 
was  very  poor,  that  from  the  60-40  mixture  was  somewhat  better  but 
was  slatey  and  broke  considerably  on  handling.  The  coke  from  the 
50-50  mixture  was  better  than  that  from  either  of  the  other  charges; 
it  was  tougher  and  had  less  tendency  to  cross  check. 

Arwlyiia  of  coal  and  coke,  test  7. 
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Coal  from  district  6,  seam  6,  was  used  ia  test  8.  Oven-  ch 
were  made  with  Illinois  coal  only  and  with  a  mixture  of  20  per 
Illinois  coal  and  80  per  cent  low-volatile  coal.  The  yidds  o: 
products  when  lUiaois  coal  only  was  used  were  deteiminei 
a  laboratory  test. 

The  coke  from  the  chaise  of  Illinois  coal  alone  was  in  piec 
fair  size,  with  rather  open  cell  structure.  It  had  a  porosity  of 
per  cent,  and  in  a  shatter  test  71.3  per  cent  was  held  on  a  2 
SOTeen.    Unfused  material  was  quite  noticeable. 

Plate  IV  shows  coke  from  the  mixture.  The  somewhat  irre 
cell  structure,  the  cross  fractures,  and  the  nonfused  materia 
clearly  shown.  The  coke  had  a  porosity  of  48.2  per  cent,  and 
Bhatt«r  test  80.4  per  cent  was  held  on  a  2-inch  screen. 

TVUt  per  ton  of  100  per  emt  ItlinoU  coal  a*  deUrmined  in  Moratory  UU  8 

Coke,  perceot 89.6 

Tw,  gallona 7.4 

(NH,)j  SO,  per  ton,  pouadB 33.4 

Light  oil,  poimdB IS.  6 

Ou  (including  CO,  and  H^S),  cubic  feet  at  16°  C.  and  30  inches 
Hg. 10,312 

Analytit  of  Boal  and  eoke  produced  in  ovent,  tettS. 
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In  test  9  coal  from  district  6,  seam  6,  was  used.  Oven  ch 
were  made  with  lUinois  coal  only  and  with  a  mixture  of  20  per 
lUinois  coal  and  80  per  cent  low-volatile  coal.  By-products 
both  charges  were  determined  by  a  laboratory  test. 

The  coke  from  Illinois  coal  alone  is  shown  in  Plate  III,  B. 
tendency  to  break  up  into  small  fingerlike  pieces  is  noticeable, 
cell  structure  was  fairly  open  and  there  was  some  spongy  mat 
The  coke  had  a  porosity  of  49.9  per  cent,  and  in  a  Matter  test 
per  cent  was  retained  on  a  2-inch  screen. 

Coke  from  the  mixture  is  shown  in  Plate  V.  The  pieces  were  oi 
size  with  uniform  cell  structure.  There  was  some  tendency  to  l 
in  cross  fractures,  but  the  coke  stood  handhng  well.     It  had  a  por 
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of  47.5  per  cent,  and  in  a  shatter  test  80.5  per  cent  was  retained  on 
a  2-inch  screen. 


Yields  per  ton  of  coal  as  determined  in  laboratory  test  9. 

aoperoont 
mJnois 
ooftland 
niinola      SOperoent 
coal         low-volar 
alooe.       tile  coal. 

Coke,  per  cent 70.2         81.3 

Tar,  gallons 7.2  4.0 

(NH4)3  SO4  per  ton,  pounds 36.4         20.8 

Light  oil,  pounds 19. 4         14. 2 

Gas  (including  CO2  and  H^S),  cubic  feet  at  15°  C.  and 
30  inches  Hg 10,396      10,088 

Analysis  of  coal  and  coke  produced  in  ovens,  test  9. 


Constituent. 


Maistiire,pereeiit 

Volatile  matter,  per  cent 
Fixed  carbon,  per  cent . . 

.\sh,  pereent 

Soipfaar,  percent 

PhogphotiM,  per  cent 


Illinois  coal 
alone. 


Coal. 


7.00 
3S.83 
£0.85 
10.33 

1.50 
.005 


Coke. 


1.40 
83.78 
15.83 

1.40 
.007 


20  per  cent  nil- 
nois  coal  and 
80  per  cent  low- 
volatile  coal. 


Coal. 


4.40 

23.26 

69.10 

8.64 

.83 

.006 


Coke. 


1.21 

87.79 

11.00 

.83 

.008 


TEST  10. 

Coal  from  district  6,  seam  6,  was  used  in  test  10.  Oven  charges 
were  made  with  Illinois  coal  alone  and  with  a  mixtm*e  of  20  per  cent 
Illinois  coal  and  80  per  cent  low-volatile  coal.  The  by-products  from 
the  charge  of  Illinois  coal  alone  were  determined  by  laboratory  test. 

Plate  VI  shows  coke  from  the  Illinois  coal  alone.  The  tendency  to 
form  fingers  and  to  curl  are  noticeable.  The  coke  was  rather  soft,  had 
an  irr^ular  cell  structure,  and  contained  nonfused  material.  It  had 
a  porosity  of  50.6  per  cent,  and  in  a  shatter  test  74  per  cent  was  retained 
on  the  screen. 

Coke  from  the  mixture  is  shown  in  Plate  I,  B  (p.  16).  It  was  in 
blocky  pieces,  the  tendency  to  finger  being  reduced  by  the  addition 
of  the  low-volatile  coal.  It  had  a  good  color  and  contained  httle 
unfused  material.  The  porosity  was  decreased  to  48.4  per  cent,  and 
m  the  shatter  test  the  proportion  retained  on  the  screen  was  raised  to 
81.5  per  cent. 

Yields  per  ton  of  Illinois  coal  alone,  as  determined  in  laboratory  test  10, 

Coke,  per  cent 70. 6 

Tto,gallon8 6.0 

(NH4)3S04  per  ton,  pounds 37.4 

li^t  oil,  pounds 19.8 

Gas  (including  CO,  and  H3S),  cuhic  feet  at  15^  C.  and  30  inches 
Hg 10,663 


COALS, 
own*,  Utt  10. 


i,  was  used.  Oven  chs 
i  a  mixture  of  20  per  cei 
le  coaL  By-products  i 
7  laboratory  test, 
endency  to  form  fingers 
e  nontused  material, 
atter  test  74.1  per  cent 

ii  medium  open  but  unij 

that  from  Uie  IlUnois 

cent  was  retained  on 


vrniedim  loAorotory  Uit  11. 

73.6 

44 

34.2 

2L6 

l6°C.uid30inchea 
10,702 

tnoMtu,  teitll. 


lOOpwomt 
UUiuiieoiL 

4li 

Coal. 

Oto. 

Co^. 

1.30 

"in 

2.M 

:oia 
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TE8T  12. 

In  test  12,  ooal  from  district  7,  soam  6,  was  used.  Oven  tests  were 
made  with  Illinois  coal  alone  and  with  a  mixture  of  20  per  cent  HU- 
nois  coal  and  80  per  cent  low-volatile  coal.  A  laboratory  by-product 
test  was  made  with  the  Illinois  coal  alone. 

Plate  Vn  shows  coke  from  the  test  in  which  Dlinois  coal  was  used 
alone.  It  was  soft  and  had  an  irregular  cell  structure.  A  large 
amount  of  nonfused  material  was  noticeable.  The  porosity  was  51.7 
per  cent,  and  in  the  shatter  test  75.1  per  cent  was  retained  on  the 
screen. 

The  general  appearance  of  coke  from  the  mixture  is  shown  in  Plate 
VIII.  Fusion  was  fairly  complete  but  the  cell  structure  was  irregular 
and  the  coke  had  a  tendency  to  cross  fracture.  The  porosity  was 
49.4  per  cent,  and  in  the  shatter  test  81.0  per  cent  was  retained  on  the 
screen. 

Yields  per  ton  of  Illinois  coal  alone ^  as  determined  in  laboratory  test  It, 

Coke,  percent 72.5 

TftT,  gallons 6. 2 

(NH*),  SO4,  per  ton,  pounda 32 

light  oil,  pounds 17. 8 

Gas  (including  OO3  and  H2S),  cubic  feet  at  15''0.  and  30  inches  Hg.  9, 747 

Arudytis  of  coal  and  coke  produced  in  ovens,  test  12. 


Coostituent. 


Mobtiire,  per  cent 

Volatiie  matter,  per  cent 

Fixed  carbon,  per  cent 

'^h,  per  cent 

SfilpHur,  per  cent 

Pbosphonis,  per  cent 


Illinois  ooal 
alone. 


Coal. 


3.13 

35.39 

62.07 

12.45 

.  86 

.014 


Coke. 


1.60 

82.44 

15.96 

.03 

.017 


20  per  cent  Dli- 
nois coal  and 

80  per  cent  low- 
volatile  coal. 


Coal. 


2.73 

20.25 

71.87 

&08 

.70 

.008 


Coke. 


1.^7 
89.13 

9.60 
.74 
.012 


TEST  13. 


Coal  from  district  6,  seam  6,  was  used  in  test  13.  Oven  tests  were 
made  with  Illinois  coal  alone  and  with  a  mixture  of  20  per  cent  Illi- 
nois coal  and  80  per  cent  low-volatile  ooal.  A  laboratory  by-product 
test  was  made  with  Illinois  coal  alone. 

Coke  from  the  Dlinois  coal  alone  is  shown  in  Plate  IX.  The  cell 
structure  was  fairly  uniform  and  there  were  few  cross  fractures.  The 
coke  was  in  small  pieces  and  had  a  tendency  to  finger.  The  porosity 
was  45.4  per  cent,  and  in  the  shatter  test  61.1  per  cent  was  retained 
on  the  screen. 
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ure  is  shown  in  Plate  X.  The  fusion  wa; 
B  fairly  imifonn.  The  size  of  pieces  v/ 
biUty  was  lessened  by  the  addition  o 
sroeity  was  ndsed  to  49.8,  and  in  the  a 
ituned  on  the  Bcieen  was  inoreased  to  } 

niinoit  mal  (done,  a*  deUrmmed  in  laboraiors  tat  IS 


6 
32 
24. 

10,91 

xiunde                ...              

td  H^),  cubic  feet  at  ISOQ.  and  30  inchM  Eg. 
TfexMl  and  eoke  prodwtd  in  own*,  Utt  13. 

*m^ 

UUDObool 

*X1 

Cml. 

Cok«. 

Coal. 

1.80 

■  'ios' 

1.3D 

.90 
.007 

1  district  6,  seam  6,  was  used.  Oven  cl 
is  coal  only  and  with  a  mixture  of  20  pe: 
per  cent  low-volatile  coal.  The  by-prc 
*e  determined  in  the  laboratory, 
ance  of  the  coke  from  the  Illinois  coal 
The  fusion  was  f  urly  good  but  the  cell  i 
rr^ular.  It  contained  considerable  noc 
ty  was  47.6  per  cent,  and  in  the  shatte 
ined  on  the  screen. 

:ture  was  in  good-sized  pieces  and  had  c 
OSS  fracture.  The  fusion  was  good  an< 
all  stnicture.  The  porosity  was  48.2  per 
b  89.9  per  cent  was  retained  on  the  screen 

n  ofeoal,  at  determined  in  laboratory,  Uil  14. 
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Arudyiis  of  coal  cmd  coke  produced  in  ovenf,  tai  14. 


Constituent. 


IfobtDre,  per  cent 

Votatile  matter,  per  cent 
Fixed  ctfbon,  percent . . 

Asfa,  per  cent 

ftilptnir,  per  cent 

Fbospltonis,  per  oent — 


Illinois  ooal 
Alone. 


Coal. 


7.00 
37.85 
50.80 
11.34 

2.83 
.006 


C<Ae. 


0.03 
83.00 
16.06 

3.36 
.007 


20  per  oent  Illi- 
nois ooal  and 
80peroentloiw- 
volatile  ooal. 


Coal. 


8.10 

21.03 

68.80 

0.18 

1.11 

.005 


Coke. 


1.08 
86.41 
11.61 

l.Ql 
.000 


TB8T8  15  TO  46. 

The  restdts  of  coking  tests  15  to  46  are  presented  in  Table  6, 
following.  They  are  arranged  according  to  districts.  Within  the 
district  the  tests  with  Illinois  coal  alone  are  given  first,  followed  by 
those  with  mixtures  of  Illinois  coal  and  low-volatile  coal. 

n291*»--Biill.  138—17 i 


il  ! 


I 


I 
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Table  6. — Remits  of  by 


o 

I 


Goal  tested. 


1 

t 

1A 

niffi^ 

16 

do 

17 

do 

18 

do 

U 

do 

ao 

do 

21 
22 

23< 

24 
25 
26 
27 
28 
29 
80 
81 
82 
83 
34 
86 

86 

87 
88 

80 

40 

41 


75  per  cent  Dlinois; 
25  per  cent  low- 
volatile. 

60  per  cent  niinois; 
40  per  cent  low- 
volatile. 

60  per  cent  niinoin; 
40  per  cent  Poca- 
hontas. 

minois 

....do 

....do 

....do 

....do 

....do.. 

....do 

....do 

....do 

....do 

....do 

.....do 

....do 


.do. 
.do. 

.do. 

.do. 

.do. 


Sooroe  of  Illinois  ooaL 


Bureau  County,  district  1,  seam  2. .. 
Woodfdrd  County,  district  1,  seam  2. . 

District  1,  seam  7 

TazeweD  County,  district  4,  seam  5.. 

District  4,  seam  5 

Saline  County,  district  5,  seam  5 

....do 


..do. 
..do. 


Franklin  County,  district  6,  seam  6.. 

....do 

....do 

....do .,... 

....do 

....do 

Williamson  County,  district  6,  seam  6 

....do 

....do 

....do 

....do 

District  6,  seam  6 

....do 


Condition  of  coal. 


Finely  crushed. 

....do 

....do 

....do 

....do 


r 'ashed  screenings 
finely  crushed... 


.do. 
.do. 


/Run  of  mine,  fine* 
\    ly  crushed. 


.do. 
.do. 

.do. 

.do. 

.do. 


Finely  crushed. 

....do 

....do 

do 

....do 

....do 

....do 

...do 

....do 

..-.do 

....do 


Finely  crushed. 

....do 

....do 

....do 

...do 

....do 


I 
1 

3 


O 


Oar: 

aSOl 


155 


}■ 


}■ 


1 

3 

200 

165 

•  80 

1 

1 

13 

•  63 
192 


8 

*» 

a 

1 

I 
£ 

6 

3 


5 
5 


10       12 


13 
11 

61 


12 


13 


I 

a 


Hr». 
13 


12 
12-13 

llj 
12J 


13 
18 
15 


P.CU 


66.8 


67.6 


73.1 


72.37 


73.44 


72.14 
69.  i; 


•  Tons. 

^  By-products  from  oven. 

e  By-product  results  represent  laboratory  test;  volume  of  gas  given  includes  COj  and  RsS. 


67.8 

70.4 

71.0 
00.4 

00.6 

09.4 

70.8 
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Tab  LB  6. — Results  of  by-product 


o 

"A 

S 


42 

43 

44 
45 

46 


Coal  tested. 


85  per  cent  minois; 
15  per  cent  Dur- 
ham. 

20  per  cent  IlliDois; 
80  per  cent  low- 
volatile. 


.do. 


I 


Illinois 

20  per  cent  nUnols; 
80  per  cent  low- 
volatile. 


Bouroe  of  Illinois  ooaL 


Franklin  County,  district  6,  seam  6.. 
do 


District  0,  seam  6. 
District  8,  seam  6. 
District  8,  seam  6. 


Condition  of  coal. 


(•) 


Finely  crosbed. 
....do 


.do. 


o 


<y 


Oar: 


> 

o 


m 

J 


I 

a 


Hr: 


P. a. 


81.66J 

81.4 
68.9 


a  74.6  per  cent  passed  through  |-inch  screen. 


OE^DLTS  OF  COKINO  TESTS. 
toting  tetlt  IS  to  4G — Continued. 


t;  valuion  ol  gas  given  iDdndM  COi  and  H|B:  oompodtloD 
ceDlages:  CO^  l.«;  UlumiiuiiU,  \.»;  Oi,  0.4;  CO,  4.7;  CO, 
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TKBTB  OF  II.ZJN0I8  COALS  Ut  QAS  BBTO&TS. 

Although  niinois  coals  have  been  used  for  maJdng  gas  for  se' 
years,  their  use  has  been  confined  to  some  of  the  smaller  plants 
has  not  grown  rapidly.  In  order  to  determine  the  suitability  o 
Illinois  coals  for  gas  manufacture,  tests  have  been  made  from 
to  time,  and  the  results  of  some  of  the  tests  are  given  in  the  folio 
pages. 

At  present,  plants  using  Illinois  coal  only  are  situated  at  Cent] 
Mount  Vernon,  and  Duquoin,  Dl.,  and  at  St.  Charles,  Boone 
Cape  Girardeau,  and  Clinton,  Mo.  Plants  using  part  Illinois  coa 
part  Eastern  gas  coal  are  given  on  page  63. 

TESTS   AT   ST.  LOtnS,  HO. 

Tests  on  a  huge  scale  under  actual  operating  conditions  mat 
a  gas  company  at  St.  Louis  showed  the  yields  that  can  be  expi 
from  Illinois  coals  in  commercial  practice.  The  duration  of  the 
was  sufficient  to  show  any  difficulties  in  operation  due  to  the  ni 
of  the  coal  and  to  give  average  results.  The  products  were  systc 
ically  sampled  and  carefully  analyzed  during  the  tests,  and  al 
%ures  given  are  average  results  obtained  from  several  samples. 


Test  1  was  a  six-day  test  of  coal  from  Perry  County,  distri 
seam  6.  The  coal  was  of  lump  and  egg  size.  The  lump  conti 
more  slate  and  iron  pyrites  than  the  ^g,  which  appeared  to  be 
paratively  clean.  The  coal  as  mined  contained  a  white  subet 
probably  calcium  carbonate  or  calcium  sulphate,  as  a  thin  parti 

The  coal  was  carbonized  in  a  retort  house  of  32  benches  of  f 
direct  fired.  During  the  first  three  days  about  one  half  of  the 
number  of  active  retorts  were  charged  with  500  pounds  each  ani 
other  half  were  charged  with  525  pounds  each.  The  last  three 
the  charges  were  525  and  550  pounds  to  the  retort.  The  peri< 
carbonization  was  4J  hours.  Several  charges  of  500  pounds 
were  carbonized  for  6,  S,  and  12  hours,  and  1  charge  of  1,000  po 
was  carbonized  for  12  hours  in  order  to  show  the  effect  or 
coke.  No  trouble  was  experienced  in  the  retort  house  while 
coal  was  being  carbonized. 

The  average  yield  of  gas,  corrected  to  60"  F.  and  29.5  inches  c 
was  3.92  cubic  feet  per  pound  of  coaL  The  crude  gas  containei 
grains  of  hydrogen  sulphide  per  100  cubic  feet  at  the  outlet  o 
exhatuter  and  369  grains  at  the  outlet  of  the  scrubbers.  The  avc 
oiganic  sulphur  was  11.6  grains.  The  quality  of  the  gas  was 
but  the  yield  was  low.  The  daily  (24-hour)  production  of  gas, 
ita  quality,  were  as  follows : 
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Data  regarding  daxLy  production  of  gas  in  test  1, 


Item. 


Qoantlty  of  gas  made,  corrected  to  60*  F.  and  29.5 

inches  Hf.  thousand  cubic  feet 

Coal  earbooixed,  pounds 

Average  srield  of  gas  per  pound  of  coal,  cubic  feet . . 

Candle  power  of  24-hour  sample 

Groaa heating  value  of  a4-hour  sample,  B.  t.  a 


First 

Second 

Third 

day. 

day. 

day. 

I,a02 

1,M2 

1,195 

802.500 
8.97 

806,000 

807,aoo 

4.06 

8.80 

14.7 

14.6 

13.5 

617 

604 

600 

Fourth 
day. 


1,307 

813,500 

8.86 

13.0 


Fifth 
day. 


1,230 

814,400 

8.91 

14.7 

617 


Sixth 
day. 


Ipl64 

803,300 

8.85 

13.0 

601 


Several  carefully  weighed  charges  were  carbonized  for  4J  hours 
and  the  coke  weighed  hot  to  determine  the  yield.  An  average  of  56 
per  cent  was  obtained.  The  coke  was  light  and  porous  and  contained 
considerable  unfused  material.  It  was  of  poor  grade.  The  per- 
centage of  breeze  was  high.  The  coke  was  tried  for  the  production 
of  water  gas  in  two  11 -foot  generators.  Its  action  was  not  as  satis- 
factory as  that  of  Pittsburgh  coke,  the  yield  for  the  six  days  being 
about  10  per  cent  less  than  the  usual  yield  with  the  Pittsburgh  coke. 
The  difference  was  due  to  the  greater  amount  of  ^clinkers  and  the 
increased  time  required  for  removing  them.  The  daily  record  of  the 
water  gas  test  follows : 

Data  regarding  production  ofwttet  ga»from  coke  produced  in  tnt  1. 


Item. 

First 
day. 

Second 
day. 

Third 
day. 

Fourth 
day. 

Fifth 
day. 

Sixth 
day. 

Qnantity  of  gas  made,  oonected  to  60*  F.  and  29.5  Hg, 
th^nifwid cubic f«<»t ..  

4,351 

4    49 

36.5 

4,296 

6    15 

35.8 

4,045 
6    8 
37.1 

4,260 
5    10 

38.4 

5.586 
8    6 
37.3 

■ 

5,706 

7    56 

37.6 

Tlmeoncllnkersand  breakups,  hours  and  minutes 

Coke  per  thousand  cubicfeet  of  gas  made,  pounds 

No  determination  was  made  of  the  quantity  of  tar  produced,  but 
samples  taken  at  the  overflow  of  the  hydraulic  main  were  examined 
for  appearance  and  specific  gravity  of  the  tar  and  for  the  free  carbon 
contained  in  it.  It  was  thin  and  had  a  tendency  to  run  through 
connections;  the  specific  gravity  was  1.17  and  the  free  carbon  was 
10  per  cent.  The  average  yield  of  ammonia  (NH,)  was  6.21  pounds 
per  ton  of  coal.  The  strength  of  Uquor  in  the  various  storage  wells 
was  not  determined. 

Sumnuary  of  results  of  test  1. 

Weight  of  coal  carbonized,  tons 922. 9 

Duration  of  test,  days 6 

Gas  per  pound  of  coal,  cubic  feet 3. 92 

€!oke,  percent 58 

Ammonia  per  ton  of  coal,  pounds 5.21 

Coke  per  1,000  feet  of  water  gas,  pounds 37. 1 

Candlepower  of  gas 13. 7 

Heatiiig  value  of  gas,  B.  t.  u d06 
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Avtragt  compotition  of  ga$  hy  volume,  lett  1. 
OnBtltuent.  Peroant. 

COj 2.9 

IllumiiUQla 4. 2 


CH, 29.4 

Hj 42.1 

N, ILl 

Average  analyti*  of  coal  and  mte,  tall. 

CoaL  CKAe. 

Hoisture,  percent 6.53  

Volatile  mfttter,  per  cent 36^  42  &.  04 

Rxed  carbon,  percent 47.48  79.07 

Aah,  percent *..      9.57  15.29 

Sulphur,  per  cent 1.00  .76 

Heating  value,  B.t.u 12,148  12,367 

TBOT  2. 

In  teat  2  "^g"  coal  from  Franklin  County,  district  6,  seam  6, 
used. 

The  coal  was  carbonized  in  four  benches  of  fours  of  the  di 
fired  type.  At  the  start  525-pound  charges  and  43'hour  periods 
used.  These  were  first  changed  to  600  pounds  and  6  hours,  thf 
700  pounds  and  7  hours,  and  later  to  SOO  pounds  and  S  hours.  '^ 
the  first  three  combinations  the  coal  was  well  carbonized;  witli 
last  combination  a  considerable  amotmt  of  gas  remained  in  the 
at  the  end  of  the  period.  Subsequently  charges  of  700  pounds 
an  S-hour  period  were  used.  Because  the  supply  of  coal  was  s 
for  a  test  with  all  of  the  retorte,  the  yield  of  gas  was  determine 
a  laboratory  method.  For  this  purpose  a  carefully  selected  sai 
of  coal  was  taken  from  each  car  as  it  was  unloaded.  Anal}^) 
these  samples  were  made  and  the  composition  and  the  yield  oi 
were  determined  in  a  laboratory  retort.  Five  cubic-foot  sampl 
gas  were  also  taken  from  the  hydraulic  main,  near  the  center  o: 
four  benches,  in  order  to  determine  the  composition  of  the  foul 
from  the  retorts.  The  composition  of  this  gas  and  that  obtainc 
the  laboratory  retort  are  given  in  the  summary  of  results  of 
test. 

The  coke  obtained  with  the  first  four  combinatioiu  of  charge 
coking  period  was  soft  and  porous,  there  being  no  noticeable  d. 
euce  caused  by  changes  in  weight  of  charge  and  time  of  carboniza 

The  coke  from  the  700-pound  charge  and  8<hour  period  see 
slightly  harder  and  denser  than  tiiat  from  the  other  combinat 
The  coke  was  tested  in  a  water-gas  generator,  and  made  a  '. 
clinker,  owing  to  fusion  of  the  excessive  amount  of  ash.  The 
of  clinkering  was  increased  from  26  to  30  minutes  per  watoh. 
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steam  pressure  was  increased  2  pounds  above  that  ordinarily  used 
with  Pittsburgh  coke,  in  order  to  soften  the  clinker,  but  the  increase 
of  steam  pressure  lowered  the  heat  in  the  generator  and  materially 
decreased  the  gas  production.  More  Illinois  coke  was  required  than 
Pittsburgh  during  an  equal  period  of  time. 

Summary  of  results  of  test  t. 

Results  Results 

firom  work-        from  laborfr- 
ing  bench.        tory  retort. 

Col[e,  including  breeze,  per  cent 57. 1  61. 3    . 

Gw  per  pound  of  coal,  cubic  feet .  5. 32 

Candlepower  of  gas 17.3 

Heating  value  per  cubic  foot  of  gas,  B.  t.  u 661  632 

HjS  per  100  cubic  feet  of  gas,  grains 1,235  

Oiganic  sulphur  per  100  cubic  feetof  gas,  grains 26  

Average  composUion  of  gas,  test  2. 

Results  Results 

from  work-       frt>m  laborsk- 
ing  bench.         tory  retort. 

CO,  pw  cent 2.2  3.4 

niuminants,  per  cent 3.8  5.4 

Oj,  per  cent 7 .5  .7 

CO,  percent 8.5  10.4 

CH4,percent -  34.8  30.3 

Hj,  per  cent 46. 2  43. 3 

Nj,  percent 3.0  6.3 

Average  analysis  of  coal  and  coke^  test  2. 

Coal.  Coke. 

Moistuie,  per  cent 3.55  1.12 

Volatile  matter,  per  cent 37. 55  4. 82 

Fixed  carbon,  percent 48.63  76.55 

Ash,  per  cent 10.42  17.51 

Sulphur,  per  cent 2. 32  2. 46 

Heating  value,  B.  t.  u 12, 392  11, 502 

• 

TEST  3. 

Test  3  was  a  15-day  test  of  coal  from  Perry  County,  district  6, 
seam  6.  The  coal  contained  considerable  ''slate/'  much  of  it  being 
in  thin  flat  chunks. 

The  test  was  made  with  four  benches  of  fours  of  the  direct-fired 
type.  The  charges  were  500  pounds  each,  and  the  time  of  carboni- 
zation was  4f  hours  during  the  first  part  of  the  test  and  6  hours  during 
the  later  part.  Two  retorts  were  charged  with  1,000  pounds  each, 
a  14-hour  period  of  carbonization  being  used.  Gas  analyses  were 
made  daily.  The  tar  and  ammonia  wells  were  measured  before  and 
after  the  test  and  before  and  after  each  time  either  tar  or  ammonia 
Was  pumped  away.  Samples  of  ammonia  hquor  were  taken  at  the 
same  time. 
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TTie  yield  of  gas,  corrected  to  60°  F.  and  29.5  inches  of  Hg, 
4.136  cubic  feet  per  pound  of  coal.  The  low  yield  can  be  accoi 
for  to  some  extent  by  the  high  ash  content  of  the  coal.  The  qi 
of  the  gas  was  good,  comparing  well  with  that  from  Fittsbui^h 

The  coke  from  two  retorts  of  the  same  bench  was  weighed 
The  average  yield,  including  breeze,  was  60,2  per  cent,  which  b  ' 
per  cent  less  than  the  yield  from  Pittsburgh  coal.  The  cob 
light  and  friable  and  contained  a  number  of  imfused  places  ^ 
seemed  to  prevent  the  formation  of  lai^e  pieces.  It  was  test 
fuel  under  the  benches,  where  it  furnished  satisfactory  heat  an 
not  form  a  hard  clinker.     The  ash  content  was  high. 

The  ammonia  was  6.42  poimds  per  ton  of  coal  carbonized, 
somewhat  higher  than  from  Pittsburgh  coal.  The  tar  averaged 
gallons  per  ton  of  coal,  which  is  considerably  less  than  is  obt 
from  Pittsburgh  coal, 

Summary  of  raulU  of  tett  S, 

Weight  of  coal  c&rbomzed,  tons 226.7 

Duration  of  teet,  days 12 

Gas  per  pound  of  coal,  cubic  feet 4. 13G 

Coke,  percent 54.4 

Greese,  par  cent 5. 8 

Ammonia  per  ton  of  coal,  pounds 6. 42 

Tar  per  ton  of  coal ,  gallons 10. 65 

Coke  fired  per  ton  of  coal  carbonized,  pounds 251 

Candlepower  o(  gas 15. 6 

Heating  value  per  cubic  foot,  B.  t.  u 656 

H^  per  100  cubic  feet,  grains 685 

Average  compontion  of  gat,  Utt  J. 

CoOBtitiMUL  Par  MO 

CO, 1.9 

Illuminants 4.4 

O, '. 5 

CO 8.0 

CH, '. 40.0 

0, 40.1 

N, 5.1 

Average  OTtalyfu  of  coal  and  cote,  te*t  S. 


lloistim,  p«C  MDt 

Volatlls  matter,  per  ouil . 
Filed  carbon,  pK cant. . . 

SulpfaiD',  pur  c«nl 

BeallngTBlue,  B.t. 
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TB8T  4. 

Test  4  was  a  24-hour  run  with  6-mch  coal  from  Franklin  County, 
district  6,  seam  6. 

The  coal  was  carbonized  in  a  retort  house  of  32  benches  of  fours, 
direct  fired.  Chai^ges  of  450  and  500  pounds  to  the  retort  were 
made  during  the  day  and  charges  of  400  and  450  pounds  during  the 
night  because  the  supply  of  coal  was  not  sufficient  to  make  the 
larger  charges  for  24  hours.  The  time  of  carbonization  was  4| 
hours.  Three  charges  of  500  pounds  each  were  carbonized  for  6,  8,  » 
and  12  hours,  and  one  chaige  of  1,000  pounds  for  12  hours  for  the 
purpose  of  observing  the  resultant  coke. 

The  average  yield  of  gas,  corrected  to  60®  F.  and  29.5  inches  of 
Hg.,  was  4.06  cubic  feet  per  pound  of  coal.  The  crude  gas  contained 
604  grains  of  hydrogen  sulphide  per  100  cubic  feet  at  the  outlet  of 
the  exhauster  and  505  grains  at  the  outlet  of  the  scrubbers.  The 
quality  was  good,  but  the  yield  was  low  compared  with  the  values 
for  Eastern  gas  coals. 

The  yield  of  coke,  including  breeze,  was  60  per  cent.  The  quaUty 
was  poor,  being  similar  to  that  from  the  other  tests.  With  the  first 
three  combinations  of  charge  and  coking  time  no  difference  could 
be  observed  on  account  of  the  longer  periods  of  carbonization. 
The  coke  from  the  12<-hoar  chaige  appeared  to  be  somewhat  im- 
proved, but  unfused  pieces  were  noticeable.  The  coke  was  tried  in 
water-gas  generators,  with  results  similar  to  those  obtained  with 
the  coke  from  other  samples  of  Illinois  coal.  A  longer  time  was 
required  to  remove  clinkers  and  a  larger  quantity  of  fuel  was  used 
per  1,000  feet  of  gas  than  with  Pittsburgh  coke.  » 

Summary  of  rendu  of  teH  4- 

Weight  of  coal  carbonized,  toDB 140. 9 

Duration  of  test,  houra 24 

Gas  per  pound  of  coal,  cubic  feet 4. 06 

Ck>ke,  including  breeze,  per  cent 60 

Ammonia  at  outlet  of  exhauster,  pounds 4. 18 

Coke  per  1,000  feet  of  water  gas,  pounds 36. 5 

Gandlepower  of  gas 16.7 

Heating  value  of  gas,  B.  t.  u 644 

Average  composition  of  gas ^  test  4- 
Constltoflnt.  Per  cent. 

OOj 2.4 

IlluminantB 3. 6 

Oj 0.  5 

00 9.0 

CH4 32.9 

Hj 44.1 

N, 7.6 
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Average  atvtlynt  of  coal  and  cote,  UiH. 

C<m1.  Cob. 

Moiature,  percent 4.57 

Volatile  matter,  per  cent 36. 35           4.  78 

Fixed  carbon,  per  cent 49. 25         83. 44 

Aah,  per  cent 9.  83          IL  78 

Sulphur,  per  cent 1. 37           0.  73 

Heating  value,  B.  t.  u 12,621        12,898 

TEST   AT  ANN   ARBOR,   HICH. 

In  Uluininating-gaB  investigations  commenced  by  the  technt 
iranch  of  the  United  States  Geological  Sm-vey  in  1908  effort 
aade  to  ascertain  the  possibility  of  using  for  gaa  making  othei 
heaper  fuels  than  Extern  coals.  The  work  was  carried  c 
Lnn  Arbor,  Mich.,  at  the  experimental  plant  of  the  Michigan 
^sociation.  Alfred  H.  White,  professor  of  chemical  engineerii 
he  University  of  Michigan,  directed  the  work  and  was  in  cl 
if  the  investigations.  The  fuel-testing  work  was  subsequ 
ransferred  to  the  Bureau  of  Mines  and  the  report  of  the  teste 
tublished  by  that  bm^au." 

Among  the  coals  tested  was  a  sample  of  {-inch  size  ftx)n 
^o.  4  mine  at  Harrisbm^,  Saline  County,  HI.,  district  5,  seam 

The  test  was  made  in  a  single  retort  of  the  standard  O  s 
rhich  was  one  of  the  upper  retorts  of  a  bench  of  six  with  t 
[uarter  depth  regenerative  setting.  This  retort  was  equipped 
L  complete  system  for  cleaning  the  gas  and  measuring  and  sam 
he  products  independently  of  the  other  five.  A  charge  o\ 
Hjunds  w^  carbonized  for  about  4^  hours.  The  coke  produce* 
[ark  and  easily  broken.  The  yield  of  gas  was  4.3  cubic  fee 
lound  of  coal,  with  an  average  candlepower  of  15.2.  The  he 
''alue  of  the  gas  was  632  B.  t.  u.  per  cubic  foot  and  2,718  B. 
»er  pound  of  coal.  The  ammonia  yield  was  laige,  being  6.38  p( 
>er  ton  of  coal,  or  19  per  cent  of  the  theoretical.  The  amou 
laphthalene  was  extremely  small,  probably  because  of  the 
etort  temperature.  The  hydrogen  sulphide  in  the  gas  at  the  c 
>f  the  scrubber  was  SO  per  cent  more  than  in  gas  from  Fittel 
loal. 

The  results  in  the  summary  following  are  on  the  basis  of  c( 
thfu^d  to  the  retort, 

'Sea  White,  A.  H.,  and  Barkar,  Pairy,  C«li  anllahla tor  ih.  n.aji.Ti»rti.r»  ni  iiinTt. liming  pn- 
loTMU  o(  Hums,  lUll,  77  pp. 
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Nummary  of  retuUs  of  coking  Utt  of  Harritburg  eoal  at  Ann  Arbor,  JficA. 

f eight  of  cocJ  carbonizeii,  pounds 400 

rM,  percent 14.3 

^ke,  percent 62.3 

'u,  percent 8.6 

jmnonia  liquor,  per  cent 6.0 

foaccounted  for,  per  cent 8. 8 

raa  per  poond  of  coal,  cut»c  feet 4.3 

andlepower 15.2 

rron  heating  value  per  cubic  foot,  B.  t.  u 632 

jmnonia  per  ton  of  coal,  pounds 6. 38 

'ar  per  ton  of  coal,  pounds 1B6 

laphthalene  pw  ton  of  coal,  pounds 4.  & 

[^rogen  sulphide  at  outlet  of  scTubbeie  per  100  cubic  feet  of 

gas,gniinB 1,390 

laTimiim  tempeiatuTO  in  retort,  °  F 1,360 

.verage  temperature,  exterior  of  retort,  "  F 1, 779 

Avtrage  eampontion  ofgaifrom  Ann  Arbor  U*t, 


H, 33,5 

li 45.6 


Averifge  analytit  of  coal  and  eoke,  Ann  Arhor  Uit. 

chused.  cak«. 

[oigture,  percent 4.66       

alatilematt«r,  percent 34.44  2.22 

iied  carbon,  percent 53.71  S5.48 

.Bh,  percent 7.19  12.30 

ulphur,  per  cent 1. 96  2. 08 

[eating  value,  B.  t.  u 12,919      12,427 

TEST  AT  DE   KALB,  ILL. 

!9t  of  coal  from  Perry  County,  district  6,  seam  6,  made  at  De 
HI.,  gave  the  following  results: 

fei^t  of  coal,  pounds 20,  600 

las,  obtuned,  cnluc  feet 93, 400 

'ield  of  gas  per  pound  of  coal,  cubic  feet 4. 53 

loke,  iDcluding  tnveze,  pounds 13, 800 

loke,  percent 66 

Iraeze,  percent 11 


I 


1 


II 


I 


I 
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Composition  of  ffoa* 

CO2,  per  cent 2. 4 

Illuminants,  per  cent 1 3. 6 

O3,  percent 1.1 

CO,  percent 10.6 

CH«,  percent 30.8 

H3,  per  cent 43. 9 

Nj,  per  cent 8. 2 

Heating  value,  B.  t.  u 564 

AnaljfsU  of  coal  and  cole. 

Coal.        Ccke. 

Moiflture,  per  cent •  9.0  0.5 

Volatile  matter,  per  cent 36. 0  1.0 

Fixed  carbon,  per  cent 46. 0  85. 5 

Ash,  percent 9.0  13.0 

Sulphur,  per  cent 85  -  1. 04 

USE  OF  ILUVOIS  COAL  WITH  EASTEBV  GAS  COAL. 

During  the  past  two  years  the  practice  of  using  one-third  lUinois 
coal  and  two-thirds  Eastern  gas  coal  has  been  adopted  at  some  gas 
plants.  The  customary  method  of  operating  with  two  coals  is  to 
charge  one-third  of  the  retorts  in  a  bench  with  Illinois  coal  and  the 
other  two-thirds  with  Eastern  gas  coal.  In  this  way  the  coke  from 
Illinois  coal  can  be  kept  separate  from  that  from  the  Eastern  gas 
coal  and  can  be  used  for  heating  the  retorts  and  for  the  production 
of  water  gas,  and  the  coke  from  Eastern  gas  coal  can  be  sold  for 
domestic  use.  In  a  few  cases  the  coals  have  been  mixed  before  being 
charged  into  the  retorts. 

The  saving  resulting  from  this  practice  varies  with  the  compara- 
tive cost  of  the  coals  which  depends  largely  on  freight  rates.  With 
Eastern  gas  coal  costing  $1  a  ton  more  than  Illinois  coal,  the  use  of 
one-third  Illinois  coal  represents  a  saving  of  about  2  cents  per  1 ,000 
feet  of  gas.  Following  are  given  comparative  data  for  a  plant  mak- 
ing about  200,000  feet  of  gas  daily,  showing  results  when  Eastern  gas 
coal  is  used  alone  and  when  it  is  used  in  combination  with  one-third 
Illinois  coal. 

The  figures  give  the  cost  of  fuel  and  labor  per  1,000  cubic  feet  of 
gas  and  do  not  include  fixed  charges. 

Oeneral  cost  data  for  fuel  and  labor  in  a  gas  plant  making  about  fOOfOOO  cubic  feet  of 

gas  daily. 

Cost  Whbn  Eastern  Gas  Coal  was  Used. 

1,374,600  pounds  of  coal  at  $3.20  per  ton,  used  in  31  days |2, 199. 36 

220,336  pounds  of  coke  at  $4  per  ton 440. 67 

Labor 650.71 

3, 290. 74 
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HThbii  Ohb-thhui  Ilunok   Coal   and   Two-thirds   Eastbrh   Gas   Coal 
Wbrb  Usbd. 

2,352,779  pounds  of  Eastern  cod  at  (3.20  per  ton,  uoad  in  BO 

dayj »,764.46 

i22,  620  pounds  of  lUinoia  coal  at  $2.22  per  ton 913. 11 

i28,741  pounds  of  coka  at  $4  per  ton 1, 057. 48 

Labor 1,310.76 

7,045.80 
DelaiUd  eotl  data. 
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BESULTS  OF  PLANT  TESTS. 

I  following  data  coQceming  the  use  of  coal  from  Perry  County, 
:t  6,  seam  6,  when  used  with  Eastern  gas  coal,  were  furnished 
r.  Edward  H.  Taylor,  fuel  and  gas  engineer.  They  are  the 
^  results  of  several  days'  operation  at  the  plants  given.  The 
;  in  the  last  column  represent  the  product  of  the  yield  of  gas 
ound  of  coal  and  the  heating  value  of  the  gas  per  cuhic  foot, 
•roduct  gives  the  thermal  value  of  the  gas  ohtained  from  1  pound 
1,  and  furnishes  a  good  basis  for  comparing  results: 

7. — RaulU  ofuting  I'l 
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COKING  OF   IIXINOIS  COALS. 
WATEB  GAS  FROM  ILIINOIS  COAX. 

1  gaa  company  in  East  St.  Louis  is  using  Illinois  coal  for  manuf a^ 
;  water  gas.  Run-of-mine  ooal,  instead  of  coke,  is  charged  U 
lerators.  The  company  is  making  about  1,000,000  feet  ofga 
y  by  this  method,  and  reports  satisfactory  results.  App 
rtely  37  pounds  of  coal  is  used  per  1,000  feet  of  gas,  and  tht 
tained  is  reported  to  have  a  heating  value  about  75  B.  t.  u 
'  cubic  foot  higher  than  that  from  coke.  The  coal  used  is 
:kson  County,  district  2,  seam  2. 
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PREFACE. 

te  Federal  Bureau  of  Mines  is  authorized  by  law  to  make,  under 
lirection  of  the  Secretary  of  the  Interior,  investigations  with  a 
to  improving  conditions  that  impair  the  health  of  miners, 
ention  of  diseases  peculiar  to  special  industries  is  occupying 
1  attention  to-day.  In  the  past  possibly  too  little  attention 
given  to  certain  baneful  effects  that  were  growing  up  sida  by 
with  great  industries.  Successful  combating  of  industrial  dis- 
;  is  a  somewhat  complex  problem,  as  it  requires  a  knowledge 
of  the  industry  and  of  the  disease. 

le  Bureau  of  Mines  in  its  health  investigations  seeks  to  cooper- 
rith  the  existing  Federal  or  State  health  agencies.  In  the  inves- 
ion  of  bookworm  infection  in  the  deep  gold  mines  of  the 
ler  Lode  in  California,  described  in  this  report,  three  agencies 
represented — the  California  State  Board  of  Health,  the  Indus- 
Accident  Commission  of  the  State  of  California,  and  the  Federal 
!au  of  Mines. 

ookworm  infection  is  a  communicable  disease;  hence  the  State 
d  of  health  was  desirous  of  stamping  it  out.  Hookworm  Infec- 
in  mines  might  be  regarded  as  an  industrial  injury,  so  the 
istrial  Accident  Commission  of  the  State  of  California  was 
-ous  of  eradicating  it.  Hookworm  infection  is  prevalent  among 
irs,  and  as  infected  miners  may  spread  the  infection  from  the 
is  of  one  State  to  those  of  another,  the  Federal  Bureau  of 
es  was  interested  in  preventive  measures.  The  largest  share 
le  expense  of  the  inve^igation  described  was  borne  by  the  Cali- 
ia  State  Board  of  Health;  most  of  the  field  work  was  done 
he  Bureau  of  Mines. 

I  this  investigation  Dr.  James  G.  Gumming,  director  of  the  State 
!au  of  communicable  diseases,  represented  the  California  State 
rd  of  Health ;  Edwin  Higgins,  chief  mine  inspector,  represented 
Industrial  Accident  Commission  of  the  State  of  California;  and 
•ph  H.  White,  sanitary  engineer,  represented  the  Bureau  of  Mines. 
Van.  H.  Manning,  Director, 


CONTROL  OF  HOOKWORM  INFECTION  AT  THE  DEEP  GOLD 
MINES  OF  THE  MOTHER  LODE,  CALIFORNIA. 


By  James  G.  Gumming  and  Joseph  H.  White. 


nrrEODucTiON. 

This  report  presents  the  results  of  an  investigation  of  hookworm 
infection  in  the  deep  gold  mines  of  the  Mother  Lode,  California. 
In  this  investigation  1,440  miners  of  the  Mother  Lode  have  been 
examined  for  hookworm  infection ;  444  miners  were  found  to  be  in- 
fected; and  91  miners  have  taken  the  treatment  and  have  gotten 
rid  of  the  infection.  Within  a  short  time  after  this  preliminary 
examination,  an  industrial  strike  started,  which  gradually  scattered 
the  miners  and  made  it  difficult  to  institute  the  treatment  of  many 
of  those  who  had  been  found  infected.  With  the  completion,  how- 
ever, of  the  State  survey  all  these  will  eventually  be  identified  and 
treated. 

In  1906  Dr.  F.  F.  Sprague,  of  Jackson,  Cal.,  and  formerly  of  the 
Pliilippine  Islands,  recognized  the  prevalence  of  hookworm  infec- 
tion in  the  gold  mines  of  California.  He  treated  many  cases  of  the 
infection  and  brought  the  prevalence  of  the  disease  to  the  attention 
of  his  colleagues.  Following  closely  this  pioneer  work  of  Dr. 
Sprague  was  that  of  Dr.  E.  E.  Endicott,  health  officer  of  Amador 
County.  In  1911  Dr.  Endicott*  related  his  experience  in  a  paper 
before  the  American  Medical  Association. 

In  1909,  Dr.  Herbert  Gunn,  under  the  auspices  of  the  California 
State  Board  of  Health,  made  an  investigation  to  determine  the  prev- 
alence of  the  disease  among  miners.^  He  reported  on  the  blood 
and  stool  examinations  of  groups  of  men  from  three  large  mines 
in  iVmador  County.  The  high  eosmophilia  verified  by  stool  exami- 
nations in  many  of  the  cases,  and  the  demonstration  of  larvae  in 
soil  from  the  workings  led  Dr.  Gunn  to  the  following  conclusions : 

1.  Hookworm  disease  is  endemic  in  certain  mines  of  California. 


'Endicott,  B.  B.,  My  experiences  with  hookworm  Infection  in  the  deep  gold  mines  of 
California :  Joar.  Am.  Me^.  As^oc.,  vol.  57,  Sept.  30,  1911,  pp.  1106-07. 

^Gann,  H.,  Hookworm  disease  in  the  gold  mines  of  California :  Monthly  Bull.  California 
State  Board  of  Health,  toI.  6,  December,  1910,  p.  408. 
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6  COKTBOL  OF  HOOKWOBM  AT  MINES  OF  MOTHEB  LODE. 

2.  From  50  to  80  per  cent  of  those  working  in  these  mines  are 
infected. 

3.  The  infection  undoubtedly  is  present  in  practically  all  the  gold 
mines  of  California  and  in  those  of  Nevada  just  over  the  border. 

When  it  was  definitely  determined  by  the  California  State  Board 
of  Health  to  make  an  investigation,  in  cooperation  with  the  Indus- 
trial Accident  Commission  of  the  State  of  CalifcHnia  and  the  Fed- 
eral Bureau  of  Mines,  as  to  the  prevalence  of  hookworm  infection 
among  the  miners  of  California,  the  following  procedure  was 
planned :  (1)  To  encourage  the  superintendents  of  the  various  mines 
to  cooperate  in  the  campaign;  (2)  to  diagnose  fecal  specimens  from 
the  miners  and  determine  the  percentage  of  infected  miners;  (3) 
to  reach  an  agreement  with  the  superintendents  that  all  infected 
men  must  be  treated;  (4)  to  make  reexaminations  of  all  treated  men; 
(5)  to  issue  "hookworm  certificates";  and  (6)  to  eventually  reex- 
amine all  California  miners. 

A  visit  to  several  of  the  mines  on  the  Mother  Lode  made  it  evi- 
dent that  the  mine  operators  would  cooperate  most  cordially  in  tins 
campaign ;  in  fact,  several  superintendents  had  already  considered  the 
advisability  of  such  an  undertaking. 

ACENOWLEDOKEirrS. 

The  authors  of  this  paper  owe  much  to  the  helpful  cooperation 
of  the  mining  operators  of  the  Mother  Lode  and  to  all  their  cowork- 
ers in  the  California  State  Board  of  Health ;  the  Industrial  Accident 
Commission  of  the  State  of  California,  and  the  Federal  Bureau  of 
Mines. 

DESCSIFTIOH  OF  THE  MOTHEB  LODE  XXNIHa  DISTBICT. 

The  Mother  Lode  consists  of  a  series  of  veins  of  gold-bearing 
quartz,  situated  in  Eldorado,  Amador,  Calaveras,  Tuolumne,  and 
Mariposa  counties,  California.  These  veins  lie  in  a  belt  about  6} 
miles  wide  and  about  70  miles  long  that  has  a  general  northwesterly 
direction,  and  the  veins  dip  about  70°  or  80°  northeast.  The  Kennedy 
Mining  &  Milling  Co.  mines  the  ore  through  a  vertical  shaft  4,000 
feet  deep,  and  has  the  deepest  gold  mine  in  the  United  States.  Just 
outside  this  belt  gold  was  discovered  in  1848.  At  first  placer  mining 
in  the  creeks  engaged  everyone's  attention,  but  some  enterprising 
miners  sought  the  source  of  the  golden  sands,  and  quartz  mining 
started  in  the  early  fifties.  The  series  of  rich  gold-bearing  quartz 
veins  was  appropriately  named  the  Mother  Lode.  This  district  has 
yielded  many  millions  of  dollars'  worth  of  gold  since  the  pioneering 
days  of  '49,  and  as  it  yielded  $5,788,504  during  1916,  an  increase  of 
$712,952  over  1914  the  district  evidently  still  has  a  long  life  before  it. 
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SCOHOMIC   LOSS  DtTE   TO   HOOKWOBM.  7 

SEBioTnmas  of  eookwobk  ihtectioh  ih  the  disibict. 

Any  material  prosperity  in  store  for  this  mining  district  can  not 
rest  on  a  stable  basis  if  about  40  per  cent  of  the  gold  miners  working 
undergromid  contract  an  insidious  infection.  The  authors  have  no 
wish  to  raise  imaginary  evils.  It  is  frankly  admitted  that  some  of 
the  men  found  infected  looked  healthy,  and  if  the  diagnosis  were 
made  by  symptomotology,  instead  of  by  actual  microscopic  examina- 
tion of  stools,  the  presence  of  the  infection  would  not  have  been  sur- 
mised. The  infection,  although  widespread,  is  at  present,  in  many 
cas^  not  far  advanced.  Unfortunately  the  obtaining  of  a  personal 
history  of  the  large  number  of  men  found  infected  was  impracticable. 
Could  such  histories  have  been  procured  it  would  have  been  found' 
that  the  infection  produced  various  effects.  The  hookworm  is.  an  in* 
sidious  parasite.  It  does  not  actually  kill,  but  extends  its  evil  in- 
fluence in  a  quiet,  cumulative  manner,  and  in  different  directions.  A^ 
man  can  not  enjoy  normal  health  while  the  worms  are  attached  to 
the  inside  of  his  intestines  and  daily  sucking  his  blood.  This  fact 
was  illustrated  by  the  testimony  as  to  improved  physical  condition 
given  by  some  of  the  miners  after  taking  the  hookworm  treatment. 
It  should  be  remembered  that  although  a  miner  with  hookworm  may- 
not  be  seriously  affected  himself  there  is  always  danger  of  his  spread- 
mg  the  infection  if  he  commits  a  nuisance  in  a  place  favorable  to  the- 
development  of  the  eggs. 

ECONOMIC  LOSS  SUE  TO  HOOEWOKM. 

An  attempt  was  made  to  determine  the  economic  loss  due  to  hook- 
worm infection  in 'this  district.  Conclusive  evidence  was  difficult  to 
obtain  on  account  of  the  many  factors  involved,  chief  among  these 
being  the  lack  of  permanent  mine  crews,  the  miners  coming  and 
going,  so  that  records  extending  over  a  long  period  were  not  available. 
The  time  books  of  the  mine  enjoying  the  most  permanfint  labor  force 
were  carefully  studied  for  the  year  1915.  At  this  mine  80  of  the 
miners  and  muckers  had  been  in  the  employ  of  the  company  for  the 
entire  year.  Of  these  80  men,  42  were  infected  and  38  were  free  from, 
infection.  Discounting  Sunday  absences  and  absences  on  account  of 
accidents,  it  was  found  that  the  men  infected  with  hookworm  were 
absent,  on  an  average,  nine  days  more  during  the  year  1915  than 
the  uninfected  men.  Also  it  was  found  that  the  number  of  seven- 
day  absences  among  those  with  hookworm  disease  was  57  per  cent 
greater  than  among  those  without  hookworm.  At  $3  a  day,  the 
annual  loss  to  the  miner  for  nine  days'  idleness  is  $27;  the  loss  to 
the  operator  can  only  be  approximated.  Another  point  to  be  con- 
sidered is  this :  If  the  miner  stayed  away  from  work  for  nine  days. 
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CONTROL  OF  HOOKWORM  AT  MINES  OF  MOTHER  LODE. 


how  many  days  did  he  report  for  duty  in  a  condition  unfit  to  do  a 
good  day's  work?  In  a  few  special  cases  men  that  were  sick  and 
anaemic  were  found  to  be  infected,  and  after  treatment  immediately 
showed  signs  of  improvement.  Although  not  directly  measurable, 
the  loss  caused  by  hookworm  to  the  miners  and  mine  operators  of 
the  Mother  Lode  has  without  doubt  amounted  to  many  thousands  of 
dollars. 

OEmSSAI  COITBITIOFS  DT  THE  HIHES. 

The  conditions  of  the  Mother  Lode  mines  and  how  they  compare 
with  conditions  in  other  mining  districts  of  the  United  States  are 
discussed  in  some  detail  on  pages  9  to  85,  but  in  general  it  may  be 
said  that  the  sanitary  conditions  are  believed  to  be  above  the  average. 
A  number  of  improvements  indicative  of  a  progressive  and  liberal- 
minded  policy  can  be  found  in  the  mines  of  the  Mother  Lode. 
Among  these  might  be  mentioned  the  presence  of  miners'  wash  and 
change  houses,  underground  toilet  accommodations,  garbage  cans 
underground  for  food  remnants,  water  for  washing  the  hands  before 
eating  and  benches  for  the  miners  to  sit  on  while  eating,  bubbling 
drinking-water  fountains  imderground,  filtered  drinking  water, 
cooled  during  the  summer,  water  drills  and  sprinkling  devices  in 
the  mines,  regulations  against  firing  shots  between  shifts,  respirators 
supplied  to  miners  free  of  charge,  dust-settling  devices  on  the  grind- 
ers in  the  mills,  improved  drainage  conditions  in  the  mines^  Sunday 
a  holiday,  and  vacations  with  pay  granted  to  the  men.  It  must  be 
understood  that  the  equipment  and  the  privileges  named  are  not 
found  at  all  of  the  mines,  the  list  representing  the  sum  total  rather 
than  the  universal  condition.  One  of  the  improvements  may  be 
found  at  one  mine,  another  at  a  second  mine,  and  so  on.  The  pres- 
ence of  these  improvements  within  the  district  makes  their  lack  in 
several  of  the  mines  more  evident.  If  one  mine  can  install  these  im- 
provements their  practicability  has  been  proved;  why  not  all  the 
mines? 
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HOOKWOEX  IirTECTIOH  IIT  THE  KINES. 

By  Joseph  H.  White.  * 

MICB06C0PIC  BXAIOKATIONS. 

Fecal  specimens  from  1,096  of  the  workingmen  from  eight  Mother 
Lode  mines  were  microscopically  examined  for  hookworm  eggs^ 
The  results  are  shown  in  Table  1.  These  data,  with  other  informa- 
tion collected  about  the  1,096  workingm^i,  furnish  the  basis  of  this 
report. 

Table  1. — Results  of  examining  fecal  specimens  of  1^096  icorkmen  employed  at 

eight  mines  in  the  Mother  Lode  district. 


Nun^nfmin^ ...    .    . 

A. 

B. 

292 
47 
16 

292 
47 
16 

C. 

199 

107 

54 

171 
114 

67 

28 
1 
4 

^• 

£. 

F. 

G. 

H. 

Total. 

Total  number  of  men  examined 

Number  found  infected. 

P«"^ntafe  infected , 

195 
66 
34 

158 
95 
60 

37 
3 
8 

70 
25 
36 

57 
22 
39 

13 

3 

23 

56 
13 
23 

56 
13 
23 

47 

8 

17 

29 

6 

21 

18 

2 

U 

138 
44 
32 

121 
40 
33 

27 

4 
15 

99 
27 
27 

85 
26 
31 

14 
1 
7 

1,096 

337 

31 

UndergrooDd  workers: 
Npnih^r  examined 

969 

Nomber  found  infected 

363 

Pf"T*»)t«ge  Infected 

38 

Sur&ce  worlnrs: 

Niim^re'vamlned     . . 

137 

Number  found  infected 

14 

Percentage  Infected 

10 

This  table  shows  that  of  the  1,096  mpn  examined  337,  or  31  per 
cent,  were  infected  with  hookworms.  In  this  table  the  mine  em- 
ployees are  considered  as  in  two  classes,  underground  workers  and 
surface  men.  It  will  be  noted  that  of  the  969  underground  workers 
examined  363,  or  38  per  cent,  were  infected ;  whereas  of  the  137  surface 
men  examined  only  14  men,  or  10  per  cent,  were  infected ;  moreover, 
nearly  all  of  the  14  infected  men  had  formerly  worked  underground. 

NONIITPECTIOK  AMOKO  SURFACE  WOBKEBS. 

The  results  shown  in  Table  1  indicate  that  hookworm  infection  is 
closely  related  to  the  mining  industry,  for  if  only  10  per  cent  of  the 
surface  workers  at  mines  were  infected,  it  is  reasonable  to  expect 
that  in  this  particular  district  few  workers  not  miners  are  infected. 
It  is  somewhat,  surprising  that  in  a  mining  district  where  337  miners 
were  daily  evacuating  hookworm  eggs  the  infection  had  not  become 
widespread  among  men  engaged  in  other  occupations.  This  absence 
of  infection  among  the  nonmining  inhabitants  can  be  explained  in 
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10  CONTBOL  OF  HOOKWORM  AT  MINES  OP  MOTHER  LODE. 

two  ways.  First,  the  number  of  unprotected,  insanitary  privies  in 
the  towns  where  the  miners  live  is  not  large,  and  the  privies  which 
are  present  have  earth  vaults  or  are  placed  over  a  stream  bed,  so 
that  the  infectious  bowel  discharges  are  not  spread  about  areas  trav- 
ersed by  men.  Many  of  the  houses  have  sewers  which  empty  into  the 
creeks.  The  second  protective  feature  is  the  long  dry  spell  in  this 
district,  which  would  tend  to  destroy  and  make  nonviable  any  hook- 
worm eggs  that  were  voided  indiscriminately.  The  total  annual 
rainfall  for  this  district  during  1915  was  27.69  inches  and  the  five 
months  of  June,  July,  August,  September,  and  October  were  abso- 
r      i  lutely  dry,  no  precipitation  whatever  being  recorded. 

INPECTIOIL  AMOKO  HIKEBS. 

The  fact  that  such  a  high  rate  of  infection  prevails  among  miners 
in  the  Mother  Lode  mines  would  seem  to  prove  offhand  that  the  in- 
fection is  contracted  in  these  mines,  but  the  labor  is  of  a  transient 
f  type ;  miners  are  constantly  coming  and  going.    The  average  dura- 

I  tion  of  employment  of  the  969  underground  men  examined  was  61 

years.  Hookworms  will  live  inside  of  a  man  for  more  than  10  years; 
therefore  the  fact  that  miners  in  this  district  were  found  to  be  in- 
fected does  not  necessarily  prove  that  the  infection  was  contracted 
in  these  Mother  Lode  mines.  The  miners  may  have  been  infected 
before  they  came  to  these  mines. 

The  evidence,  however,  goes  to  show  that  the  mines  of  the  Mother 
Lode  are  infected  and  that  all  the  infection  is  not  imported.  This 
important  point  is  brought  out  by  the  following  facts: 

1.  The  low  percentage  of  infection  among  surface  employees  as 
compared  to  the  high  percentage  of  infected  underground  workers 
indicates  indirectly  that  the  mines  are  infected,  because  if  the  infec- 
tion was  all  imported  the  proportion  of  infected  men  on  the  surface 
would  probably  be  larger. 

2.  In  one  mine  examined,  75  of  the  imderground  men  were  found 
to  be  infected  and  75  were  not.  It  was  found  that  the  duration  of 
previous  mining  experience  of  the  infected  men  was  about  the  same 
as  that  of  the  noninfected  men,  averaging  5^  years  for  the  infected 
men  and  6  years  for  the  other  men.  If  the  infection  was  imported, 
that  is,  if  it  depended  upon  their  previous  experience  rather  than 
their  present  work,  it  would  appear  that  the  infected  men  would  have 
had  a  much  greater  previous  experience  than  the  noninfected  men. 

8.  The  date  of  employment  of  every  man  examined  was  recorded, 
and  the  duration  of  his  service  at  the  present  mine  up  to  the  date  of 
his  examination  was  figured.  It  was  found  that  the  average  duration 
of  employment  of  the  infected  men  was  12  years  and  that  of  the  non- 
infected men  was  3  years.    As  the  noninfected  men  had  not  worked 
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[leee  mioes  so  long  as  the  infected  men  had,  it  would  appear  that 
e  is  a  relation  between  the  mines  and  the  source  of  infection. 

At  one  mine  it  was  found  that  17  of  the  77  infected  men  had 
it  worked  in  mines  elsewhere,  and  that  4  men  were  infected  who 

previousl;  taken  the  hookworm  treatment  and  had  not  worked 
Qy  other  mine  since  they  had  taken  the  treatment.    This  indicates 

this  particular  mine  is  infected  and  the  similarity  of  conditions 
reen  this  mine  and  other  Mother  Lode  mines  is  presumptive  proof 

the  mines  are  infected. 


SOimCE  07  UTTECTION  VOT  KNOWN. 

ookworm  could  have  been  introduced  into  these  mines  from  any 
or  all  of  several  different  countries.  The  infection  may  have 
1  imported  by  miners  from  Cornwall,  England,  as  there  are  m&ny 
oishmen  in  the  mines  of  the  Mother  Lode  and  it  has  been  proved 
Cornwall  mines  were  once  infected,  or  it  may  have  been  intro- 
id  by  Italians,  Spaniards,  or  Mexicans,  as  many  of  the  miners  are 
uch  extraction,  and  the  Rockefeller  Hookworm  Commission  has 
id  that  all  of  these  countries  are  inf^ted.  It  is  not  important  to 
w  where  the  infection  came  from,  although  to  determine  the 
ies  of  hookworm  would  be  of  assistance  in  deducing  their  origin, 
important  fact  to  be  faced  is  that  hookworm  infection  is  present 
lese  mines  and  ought  to  be  eradicated. 

FBESENT  UNSEBOBOinn)  TOILET  FACIIJTIE8. 

here  are  mapy  contributory  factors  to  the  spread  of  hookworm 
ction,  but  all  of  them  operate  only  after  the  infectious  eggs  have 
I  set  at  large  by  the  careless  disposition  of  human  excrement, 
source  of  all  hookworm  infection  is  in  the  discharges  from  the 
els.  Information  in  regard  to  the  underground  toilet  accom- 
ations  at  the  mines  examined  is  shown  in  Table  2  following. 

X  2. — Data  tn  regard  to  Mnderground  toOet  factUtiet  at  mfix'S  cxamlnei. 
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iix  of  the  eight  mines  examined  had  toilet  cans,  which  v 
sed  to  be  used  by  the  men  and  which  were  brought  to  th< 
d  emptied  at  regular  intervals.  At  <»ie  of  the  mines  the  n 
iposed  to  go  to  the  surface  when  necessary ;  at  another  i 
n  defecated  in  an  inconvenient  and  insanitary  way  into  t 
np.  With  the  exception  of  one  mine  the  introduction 
IS  is  of  comparatively  recent  origin,  and  the  delay  in  inti 
sir  use  has  doubtless  contributed  largely  to  the  spread  < 
rm  infection. 

[MPROVEHENTS  IN  UNDERORODND  TOIX<ET  FACIUTIES  RECOMM 

A.lthough  the  basic  features  of  the  present  undergroui 
items  are  correct  in  that  the  infective  material  is  coUectec 
ived  from  tlie  mine,  certain  details  should  be  improvei 
it  only  should  the  toilets  be  installed,  but  their  use  si 
ictly  enforced,  and  to  require  this  the  toilets  must  be  me 
a  usable  condition.  Tliey  should  be  emptied  at  least  thi 
Teek  or,  preferably,  every  night,  as  is  done  in  one  mine.  ' 
it  were  emptied  once  a  week  had  an  odor  so  vile  that 
iiseate  a  person  to  use  them.  If  the  can  is  situated  in  a 
it  makes  water,  galvanized  iron  sheets  should  be  placed 
1  like  a  shed  roof,  to  prevent  the  seat  becoming  wet  from 
ippings. 

[t  is  believed  that  if  the  cans  are  one-quarter  filled  wit 
th  some  disinfectant  added  at  the  time  they  are  placed  in  t1 
iditions  would  be  better  than  if  a  powdered  disinfectant 
ider  any  circumstances  the  work  of  cleaning  the^  cans  i 
^able  task,  but  if  the  contents  are  maintained  in  a  liquid 
3  addition  of  water  the  deposits  will  not  adhere  to  the  s 
mers  of  the  can,  but  will  readily  pour  out,  and  the  churn 
ors,  and  ineffective  cleaning,  incident  to  the  emptying  of 
posits,  will  be  avoided.  If  water  is  to  be  added  to  the  cans 
;ht  cover  and  one  that  is  readily  removpbie  must  be  pro^ 
1  cans,  so  that  the  material  will  not  splash  out  while  the 
ing  conveyed  to  the  surface. 

Some  of  the  mine  superintendents  complained  that  the  toi 
used  and  defiled  by  some  of  the  miners,  the  trouble  bein 
the  men  standing  instead  of  sitting  upon  the  seats.  Tw< 
ompt  the  men  to  squat  upon  the  seats — fear  of  contractinj 
disease  or  because  the  seat  is  wet  or  defiled.  These  rei 
tional  ones,  and  a  properly  designed  toilet  wiU  do  mucl 
rrecting  the  abuses. 
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lie  design  of  an  underground  toilet  in  which  careful  attention 
been  given  to  details  is  shown  in  figures  1  and  2.  Note  the  sani- 
7  aeat  open  hack  and  front. 

'late  I  shows  three  views  of  an  underground  toilet  invented  and 
ale  hy  a  mine-supply  house  in  California.  An  ingenious  feature 
ie  way  in  which  the  disinfectant  is  automatically  thrown  into  the 
after  each  use. 


— rorUble  privj 


EHFTTINQ  CANS  AT  SURFACE. 

lie  method  in  which  the  contents  of  the  cans  should  be  disposed 
when  they  are  hrought  to  the  surface  depends  largely  on  local 
ditions  at  and  around  the  mines.  The  material  must  be  so  dis- 
ed  of  that  it  will  not  pollute  a  drinking-water  supply,  so  that 
"fill  not  be  disseminated  by  flies,  and  so  that  no  nuisance  shall 
created.  Id  some  places  it  would  be  satisfactory  to  empty  the 
s  into  a  covered  leaching  pit  into  which  lime  is  sprinkled  at 
ular  intervals.    This  pit  should  be  so  situated  or  protected  as  to 

en48'—n — 2 
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prevent  pollution  of  the  Trater  supply.  At  stHne  mines  thi 
could  be  passed  through  a  septic  tank  of  approved  desi 
successfully  operated  septic  tank  the  solid  matter  in 
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FiODU  2, — Portable  prlrj  can  placed  In  commoile. 

decomposed  and  liquefied  and  many  of  the  disease-causing 
are  destroyed.  The  effluent  from  a  septic  tank,  however,  mi 
additional  treatment  if  it  flows  into  a  drinking-water  sup 


Y  CAN.  HEAOV  FOR  USE. 


Y  CAN,  CLOSED  FOR  REMOVAL. 


H  COVER  REMOVED  FOR  CLEANING. 
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tic  tank  is  used,  strong  disinfectants  should  not  be  added  to  the 
s,  as  this  would  kill  the  bacteria  upon  whidh  the  septic  t&ztk 
i^ids  for  its  liquefying  function. 

SURFACE  TOILETS. 

t  is  believed  that  if  a  modem,  sanitary,  water-flush  closet  were 
ailed  on  the  surface  near  the  change  house  many  of  the  miners 
lid  use  this  instead  of  waiting  until  they  went  underground. 
)  time  of  bowel  movement  can  be  regulated  to  a  large  extent, 
s  of  the  recommendations  made  to  the  muers  is  that  they  use  the 
lerground  toilets  only  when  necessary.  Most  of  the  present 
Face  closets  are  foul  smelling,  inadequate,  and  inconveniently 
ited. 

Ji  inexpensive  water-flush  closet  is  shown  in  flgure  3.  The  price 
I  closet  similar  to  the  one  ^own  but  with  four  sections  instead  of 
is  about  $175  f.  o.  b.  San  Francisco,  Cal.  It  is  built  in  sections 
any  number  of  seats  can  be  ordered.  It  flushes  automatically 
,ny  interval  desired,  and  it  does  not  get  out  of  order  easily.  The 
lent  from  this  can  be  conducted  to  the  same  pit  or  disposal  tank 
rhich  the  mine  cans  are  emptied. 

DBINKINa  WATEB  IS  THE  KINES. 

■rinking  water  has  little  to  do  with  the  spread  of  hookworm,  but 
abundant  supply  of  pure  wholesome  drinking  water  is  so  funda- 
itally  necessary,  particularly  in  mines,  where  working  in  such 
m  temperatures  creates  an  abnormal  thirst,  that  a  few  sugges- 
ts are  offered. 

"he  drinking  water  chiefly  in  use  over  the  district  examined  is 
n  water,  conveyed  there  from  the  mountains  in  an  open  ditch 
lit  40  miles  long.  Two  samples  of  this  water  were  taken  on  Feb- 
ry  28,  1916,  one  sample  being  drawn  from  the  tap  at  the  collar 
)ne  of  the  mines  and  the  second  from  a  tap  in  a  drug  store  in 
Itson,  Cal.  These  samples  were  analyzed  in  the  California  State 
rd  of  Health  laboratories  and  found  to  be  heavily  infected  with 
stinal  bacteria  and  were  pronounced  unsafe  for  drinking  pur- 
js  unless  purified  in  some  way.  The  samples  were  collected  after 
javy  rain,  and,  although,  no  doubt,  they  showed  more  bacteria 

I  the  water  contains  normally,  it  is  important  that  a  drinking- 
er  supply  be  judged  by  its  worst,  not  its  best,  conditions.  The 
tary  chain  is  no  stronger  than  its  weakest  link, 

II  of  the  mines  except  one  either  clarified  the  water  by  passing 
irough  small  filters  attached  to  the  water  pipe  or  depended  on 
iral  filtration  through  the  ground.  No  test  was  made  of  the 
iency  of  these  filtration  methods.    One  mine  received  its  drink- 
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ing-wdter  supply  from  a  spring  located  near  by.  During  th 
mer  all  of  the  mines  add  ice  to  the  drinking  water,  and  on 
operates  a  refrigerating  plant  for  this  purpose.  One  mine 
deep  one,  has  bubbling  fountains  at  the  mine  collar  and  at  t 
tiens  underground. 


In  seven  of  the  eight  mines  examined  the  drinking  water  n 
ried  into  the  mines  in  kegs,  varying  in  capacity  from  8  to  5  j 
These  kegs  were  placed  at  the  underground  stations  and  at  pi 
crosscuts  or  drifts  convenient  to  flie  workingmen.  Fresh  wa 
taken  into  the  mines  several  times  a  day. 
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!lie  maimer  in  which  the  men  drink  from  tliese  kegs  is  seriously 
lygienic  and  should  be  corrected  at  once.  In  some  of  the  kegs 
oall  iron  nipple  is  screwed  into  the  end,  and  the  men's  lips  come 
:ontact  with  this  when  they  drink.  In  some  of  the  mines  there  is 
'ely  a  hole  in  the  side  of  the  keg  and  the  men  place  their  lips  to 

hole  and  tip  the  keg.  This  procedure  not  only  permits  the  lips 
x>me  in  contact  with  the  keg,  but  it  also  permits  the  water  to 
ulate  through  the  drinker's  mouth  and  back  into  the  keg.  The 
ter  examined  the  death  certificates  of  291  miners  of  Amador 
inty.  On  96  of  these,  or  33  per  cent, 
ercid<^  was  assigned  by  the  attending 
rsicians  as  the  cause  of  death.  It  is  well 
iwn  that  tuberculosis  is  a  lingering  dis- 
3 — the  average  age  of  the  96  men  de-  - 
sed  from  tuberculosis  was  49  years — and 
t  tubercular  victims  often  continue  to 
rk  when  the  disease  is  in  its  advanced 
ectious  stages.     The  hole  in  the  keg  is 

common  drinking  place  for  miners  suf- 
ing  from  tuberculosis,  syphilis,  or  other 
;ases,  and  miners  in  good  health.  An- 
er  objectionable  feature  is  that  men 
wing  tobacco  may  drink  from  the  hole, 
^mple  and  inexpensive  way  of  prevent- 
:  the  lips  coming  in  contact  with  the  keg 
hown  in  figures  4  and  5. 
rhe  water  kegs  should  be  steamed  out 
roughly  every  night.  At  some  mines  the 
)erint«ndent's  orders  regarding  care  of 
ter  kegs  are  not  always  carried  out.  At 
:  mine  a  sample  of  water  was  taken  from 
;  tap  at  the  collar  where  the  kegs  are  nanBE 4.— DrinkingwHtcr krs 
ed  and  a  sample  was  drawn  from  one  of  '"  •"*  '"  ""'"■ 

kegs  in  the  mine.  The  keg  water  sample  contained  more  bacteria 
a  the  sample  drawn  from  the  tap. 

•EAWT.IBB  INSANITARY  CONDITIONS. 
3efore  the  introduction  of  toilet  cans  into  the  mines  the  work- 
u  defecated  either  in  filled  stopes  or  in  abandoned  crosscuts,  in 
linage  sumps,  or  in  mine  cars  or  ore  bins.  The  infected  feces  in 
I  course  of  time  became  spread  throughout  the  mine,  either  being 
eked  about  on  the  miners'  shoes  or  spread  by  mine  cars  or  possibly 
nts.  The  writer  believes,  however,  that  the  mine  water  was  an 
portant  disseminating  agent. 
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VTABTTiTTY  07  HOOKWOBH  EGOS. 

It  has  been  stated  that  hookworm  eggs  will  remain  infectious  for 
only  about  a  year  after  they  have  been  evacuated  f r<Hn  the  intestines. 
This  may  be  the  case  when  the  eggs  are  exposed  to  the  variable 
climatic  conditions  on  the  surface;  but  hookworm  eggs  appear  to 
remain  infectious  for  a  longer  period  than  one  year  when  they  are 

deposited  in  the  mines,  where  tem- 

T>v^^'*"^       ^^"^^^^^  perature    conditions    remain    fairly 

C  X'  ^"^v  )      uniform  year  in  and  year  out.    One 

/      I  \     of  the  mines,  at  which  60  per  cent 

of  the  underground  men  are  infected 
with  hookworm,  installed  dry  closets 
about  five  years  ago,  and  their  use 
has  been  enforced  to  some  extent.   In 

I      y    j /^      spite  of  these  sanitary  precautions, 

(^'%'  y^      eight  men  were  found  infected  who 

\  "^^^>^ —      ^^-^^^  never    worked    in   mines    elsewhere 

PLAN  and  entered  this  mine  after  the  instal- 

T/^  '     ^       lation  of  the  closets.    A  few  men  who 

(  ^   I      were  treated  for  hookworm  since  the 

s«^         ^?latt£jI^at^w3  installation  of  the  closets  were  found 

">  /-ajf^at^mx  ^^  j^  reinfected.    This  leads  one  to 

I believe — although    it   is    doubtful — 

that  possibly  some  of  the  infection 
results  from  the  survival  of  infectious 
places  created  five  years  ago  in  the 
mine  before  the  cans  were  installed. 
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WAYS  IN  WHICH  HOOXWOBM 

IS  CONTRACTED  AND 

DISSEMINATED. 


i       '\J^e.''^  Many   kinds  of  germs  can   gain 

-i — I i '                '  entrance  to  the  body  through   the 

£Lsy^T/ON  mouth  or  through  the  skin  after  it 

Figure  5. —  Sanitary  mouthpiece  for  has  been  cut  or  broken.     In  addi- 

drlnking- water  keg.  x*  x       xv  x  "l      i 

tion  to  these  two  ways,  hookworm 
larvae  can  bore  through  the  intact  skin  at  whatever  place  infected  dirt 
happens  to  come  in  contact  with  the  body.  A  miner  can  not  do  his 
work  without  getting  dirt  on  his  hands  and  clothing;  therefore  his 
safety  lies  in  keeping  the  dirt  of  the  mine  as  noninfectious  as  pos- 
sible. With  a  mine  once  infected,  the  means  whereby  the  miner 
becomes  infected  are  obvious.  They  are  discussed  in  detail  in  the 
following  pages. 
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In  hookworm-infected  countries  where  the  inhabitants  go  without 
shoes,  the  logical  place  for  hookworm  larvae  to  gain  entrance  to 
the  body  is  through  the  feet.  Hookworm  larvae  might  easily  work 
their  way  through  a  fairly  good  pair  of  shoes,  but  the  infection 
would  be  light.  When  a  mine  is  known  to  be  infected,  a  miner 
should  take  unusual  care  to  keep  his  shoes  in  good  repair.  At 
the  change  house  of  one  infected  mine  107  pairs  of  miners'  shoes 
were  examined  and  43  pairs,  or  40  per  cent,  were  found  to  be  broken 
or  worn  so  as  to  permit  hookworm  infection.  The  miner's  shoes  are 
a  large  item  of  expense.  Mine  shoes  cost  about  $5  a  pair,  and  in 
some  mines  they  last  only  four  months.  Considering  the  repairing 
necessary,  the  average  miner  will  spend  about  $20  per  year  on  shoes. 
The  companies  could  save  the  miner  some  expense  if  shoes  were  kept 
in  the  storehouse  and  sold  to  the  miners  at  cost. 

MINE  LADDERS. 

Some  of  the  underground  workmen  may  contract  hookworm  from 
the  mine  ladders.  The  infectious  dirt  gets  stuck  on  the  shoes  and  it 
is  scraped  off  the  shoes  onto  the  rungs  of  the  ladders,  whence  it  rubs 
into  the  skin  of  the  hands.  Figures  are  given  on  page  31  which 
show  that  bosses  and  repair  men,  who  move  about  the  mines  ex- 
tensively and  frequently  climb  ladders,  are  more  apt  to  become  in- 
fected than  men  who  work  steadily  in  the  stopes. 

RATS. 

Eats  possibly  spread  the  infectious  material.  In  six  of  the  eight 
mines  examined  rats  were  observed.  At  one  mine  three  rats  were 
trapped  and  their  intestines  examined  for  hookworms  and  then 
their  feces  examined  for  hookworm  eggs.  None  was  found.  Al- 
though hookworms  are  not  known  to  occur  in  rats,  they  may,  how- 
ever, spread  the  hookworm  eggs  mechanically  by  their  legs  and 
bodies.  The  workman  who  empties  the  toilet  cans  at  one  of  the 
mines  stated  that  rats  often  get  into  the  toilet  cans. 

At  some  of  the  mines  large  numbers  of  rats  are  present  and  are 
very  tame,  being  fed  and  "  petted  "  by  the  miners.  At  lunch  time, 
when  the  miners  gather  at  the  station  to  eat,  the  rats  likewise  assem- 
ble, and  the  miners  throw  them  scraps  of  food.  Some  of  the  miners 
believe  that  the  rats  warn  them  of  unseen  dangers,  and  say  that  the 
rats  can  tell  by  instinct  when  the  roof  is  unsafe.  The  high  propor- 
tion of  accidents  due  to  falls  of  rock  makes  one  doubt  the  truth  of 
this  statement,  and  it  is  doubtful  whether  rat-infested  mines  have 
less  accidents  than  mines  without  rats.    At  any  rate,  these  disease- 
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carrying  pests  should  be  eliminated  from  mines  regardless  of  any 
superstitions  miners  may  have  regarding  their  usefulness. 


f  ? 


UNDERGROUND  EATING  STATIONS. 


Hookworm  larva;  may  gain  entrance  to  the  body  through  the 
mouth,  and  the  conditions  under  which  the  miners  eat  make  pos- 
sible a  source  of  infection.  Facts  regarding  this  practice  are  shown 
in  Table  3. 


Table  3. — Data  shotcing  toilet  facUitiea  available  during  underground  meals. 


V  I 


I    1 


I  I 


K^fHA  t^tvohw 

A. 

B. 

c. 

D. 

E. 

P. 

0. 

H. 

Do  miners  ©at  underground 

Yes.. 
No... 
No... 
No... 

Yes.. 
No... 
Yes.. 
No... 

Yes.. 

No... 
No... 
Yes.. 

Yes.. 
No... 
No... 
No... 

No... 
Yes.. 
No... 
No... 

No... 
Yes.. 
No... 
No... 

Yes.. 
No... 
No... 
No... 

Yes. 

JP^llities  present  for  washine  hands 

No. 

Benches  present  at  underground  stations 

Garbagecans  present  at  underground  stations . . 

No. 
No. 

Conveniences  for  eating  in  the  mines  are,  in  most  cases,  unsatisfac- 
tory. Shortly  before  dinner  time  the  dinner  buckets  are  sent 
down  from  the  surface.  The  miners  assemble  at  the  stations  and 
sit  on  old  timbers  or  on  the  floor,  their  buckets  being  held  or  placed 
between  their  legs.  It  is  said  that  sometimes  food  is  spilled  by 
buckets  getting  tipped  over.  At  some  mines  fresh  drinking  water 
is  sent  down  at  meal  times,  but  tea  or  coffee  is  the  favorite  beverage. 
Some  of  the  miners  wash  their  hands  in  water  poured  from  the 
drinking-water  keg;  others  are  said  to  wash  their  hands  in  the 
drainage  ditch ;  many  eat  unwashed.  Apparently  the  only  reason  for 
perpetuating  these  conditions  is  that  such  has  been  the  practice  in 
mines  for  years  past  and  so  it  goes  on.  This  statement  applies  to 
most  mines  in  the  United  States.  Mining,  at  its  best,  is  not  a  pleasant 
occupation,  and  has  many  disagreeable  features  that  are  difficult  to 
correct,  but  this  is  not  the  case  with  eating  underground.  Among 
its  numerous  other  functions  the  underground  mine  station  at  certain 
periods  of  the  day  becomes  the  miners'  dining  room ;  why  not  respect 
it  as  such?  Water  for  washing  the  hands  should  be  provided; 
benches,  allowing  about  2^  feet  of  seating  space  per  man,  should  be 
placed  in  the  stations  for  the  men  to  sit  on  while  eating;  garbage  cans 
should  be  provided  for  food  remnants  and  their  use  enforced;  the 
station  should  be  well  lighted  and  kept  as  clean  and  as  free  ivom 
unnecessary  debris  as  possible. 


MINERS'  WASH   AND  CHANGE   HOUSES. 

All  of  the  mines  on  the  Mother  Lode  have  had  wash  and  change 
houses  for  a  number  of  years,  although  these  are  not  required  by  law, 
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lo  charge  is  exacted  from  the  men  for  their  use.    There  are  many 
Dg  districts  in  the  United  States  where  this  improvement  is  just 
i  introduced,  and  many  mines  are  still  without  them, 
formation  about  the  wash  and  change  houses  in  the  Mother  Lode 
ict  is  shown  in  Table  4. 


E  4. — Information  on  wash  and  change  houses  at  mines  examined. 


Jmbe 

A. 

B. 

C. 

D. 

n. 

F. 

„ 

Y-. 
Yn- 

n". 

2- 

Yb. 

Ym. 

No:: 

Y«. 

No!. 

Ym. 

Y«: 
Ni;: 

Y«s. 

Ym. 

vo.: 

No*. 

gS:: 

[Utlakim£bigba^i^iiActWr 

any  of  these  houses  have  been  in  use  for  some  years  and  do  not 
ess  the  up-to-date  conveniences  of  the  more  modem  wash  and- 
ige  houses.     Improvements  have  been  developed  in  the  constnic- 

of  washhouses  as  in  every  other  branch  of  mining.  It  would 
nreasonable  to  expect  these  washhouses  to  be  abandoned,  but 
lin  inezpensive  improvements  should  be  made  on  them.  There 
1  excuse  for  the  objectionable  condition  in  which  some  of  the 
(houses  are  found.    When  a  new  floor  is  required  the  wooden 

should  be  replaced  with  a  well-drained  concrete  floor,  and  it 
d  be  well  to  have  concrete  extend  up  the  sides  for  a  few  feet. 
i  showers  should  be  installed  at  most  of  the  washhouses.  The 
ities  for  washing  the  hands  and  face  should  be  improved.  At 
ait  metal  washbaEdns  are  used,  and  some  miners  bend  over  the 
^h  and  wash  tmly  the  upper  part  of  the  body.  This  practice 
a  among  only  certain  classes  of  miners.  Provision  should  be 
e  for  the  men  to  wash  their  hands  and  face  in  flowing  water, 
the  common  washbasdns  should  be  discarded. 

FACIUTTEa    FOB    WABKINQ   THE    MINEHS'    WOBKINO    CLOTHES. 

icilities  should  be  provided  in  all  washhouses  so  that  the  miners 
1  boil  their  underground  working  clothes.  It  has  been  claimed, 
with  some  truth,  that  the  miners'  underclothes  are  washed  less 
Liently  since  the  introduction  of  washhouses  than  they  were  pre- 
sly,  as  when  Uie  miner  wore  his  "  shift "  clothes  home  his  family 
Id  see  that  they  were  washed,  but  when  the  miner  leaves  his 
ting  clothes  at  the  mine  this  supervision  is  missing.  Towels 
lid  be  boiled  often,  at  least  three  times  a  week.  If  a  number  of 
anized  iron  tanks  about  20  inches  in  diameter  and  24  inches  deep 
i  inatalled  and  connected  with  hot-water  or  possibly  live-steam 
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lines  the  condition  in  which  the  working  clothes  and  towels  were 
kept  would  no  doubt  be  much  improved. 

MINE-DRAINAGE  SYSTEM. 

It  is  believed  that  mine  drainage  has  been  and  is  an  important 
factor  in  the  spread  of  hookworm  infection,  as  the  mine  water  causes 
the  humidity  that  appears  to  be  essential  to  the  development  of 
hookworm  eggs,  and  furnishes  a  medium  for  conveying  the  eggs 
all  over  the  mine.  If  the  mine  made  no  water  the  infectious  mate- 
rial for  the  most  part  would  remain  where  the  stools  were  evacuated, 
and  few  miners  would  come  in  contact  with  it.  If,  however,  an 
infected  miner  commits  a  nuisance  in  a  wet  gtope  the  mine  water 
ifiltering  through  the  stope  picks  up  the  hookworm  eggs  and  conveys 
them  to  the  traversed  levels,  or  if  the  miner  commits  a  nuisance  in 
an  abandoned  crosscut  which  makes  water  the  infectious  eggs  may 
be  reconveyed  into  the  active  parts  of  the  mine. 
.  In  an  upper  abandoned  level  of  one  of  the  mines  examined  a  stool 
was  found  partly  submerged  in  a  drainage  ditch.  A  specimen  of  this 
stool  was  microscopically  examined  and  it  was  found  to  be  infected 
with  hookworm  eggs.  Although  egg3  that  are  under  water  wiU  not 
develop,  the  eggs  and  the  larvae  are  doubtless  scattered  around  by 
the  water.  This  furnishes  a  concrete  example  of  how  hookworm- 
infected  material  may  be  spread  in  a  mine. 

It  is  not  the  quantity  so  much  as  the  way  in  which  the  mine 
water  is  taken  care  of  that  is  important.  In  mine  B,  which  makes 
125,000  gallons  daily,  only  16  per  cent  of  the  men  were  infected. 
Possibly  more  attention  was  given  to  the  drainage  system  in  this 
mine  than  in  any  of  the  other  mines  examined.  An  effort  was  made 
to  intercept  the  water  at  each  level  and  not  permit  it  to  drain  on 
through  the  stopes.  The  intercepted  water  was  conveyed  in  well- 
maintained  ditches  to  sumps  at  the  stations.  On  some  of  the  levels 
the  water  was  carried  in  small  wooden  boxes  or  flumes,  and  these 
helped  greatly  in  keeping  the  passageway  and  footboards  dry.  The 
foreman  at  this  mine  said  it  pays  to  keep  the  mine  water  out  of  the 
stopes,  because,  besides  making  the  stopes  mucky,  disagreeable,  and 
dangerous  to  work  in,  the  water  saturated  the  "  gouge "  formations 
and  caused  the  ground  to  swell  and  thereby  increased  the  cost  of 
timbering.  The  mine  water  had  to  be  removed  anyway,  and  the  ex- 
pense of  pumping  was  less  if  it  was  intercepted  on  the  upper  rather 
than  the  lower  levels. 

In  mine  C,  which  made  190,000  gallons  of  water,  67  per  cent  of 
the  men  were  infected.  The  mine  water  was  not  carefully  handled, 
the  mine  ditches  not  being  well  maintained,  and  in  several  places  the 
footboards  were  flooded  and  mucky. 
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aid  that  hookworm  larree  will  not  live  in  mine  water  which 
IS  2  per  cent  of  salt  *  or  if  the  mine  water  is  0^  per  cent  acid  i 
Lline. 

tical  confirmation  of  this  has  been  found  in  the  conditions  - 
exist  at  the  Levant  mine,  near  St.  Just  in  Cornwall.  Tin, 
,  and  arsenic  are  extracted  from  this  mine.  Although  it  is  one 
very  deep  mines  of  Cornwall,  it  is  also  one  of  the  most  health- 
Q  this  mine  the  eggs  of  many  of  the  intestinal  parasites  that  in- 
m  were  found,  but  in  the  fecal  matter  lying  about  no  e^s  of 
arm  were  detected.  Their  absence  was  attributed  to  the  fact 
>  the  mine  is  under  the  sea  the  sea  water  filters  through  the 
into  the  mine. 

ime  of  the  inland  coal  mines  of  France,  especially  those  be- 
Anzin  and  Denain,  Manouvriez  *  found  that  the  waters  perco- 
into  the  mines  were  saline,  and  that  they  probably  came  from  ' 
'anean  caverns,  remnants  of  ancient  seas  or  of  salt-water  lakes 
ibove  the  carboniferous  strata.  Analyses  showed  that  these ' 
contain  0.7  to  2  per  cent  of  common  salt.  It  is  interesting  to 
i  that  in  those  pits  in  which  the  water  contains  the  higher 
tage  of  salt  there  are  no  cases  of  hookworm  infection  among 
aers,  although  the  malady  is  present  in  other  pits  not  so  fortu- 
watered. 

water  in  the  mines  of  the  Mother  Lode  is  alkaline.  A  sample 
ne  of  the  lower  levels  of  one  of  the  deepest  mines  was  analyzed  ' 
was  found  to  be  only  0.043  per  cent  alkaline,  whereas  to  be  an 
'e  sterilizing  agent  it  should  be  about  0.2  per  cent  alkaline, 
esimen  of  feces  found  partly  submerged  in  a  drainage  ditch  of 
the  mines,  was  collect«d,  care  being  taken  to  select  the  speci- 
om  the  submerged  part  of  the  stool.  The  specimen  was  found 
eavily  infected  with  hookworm  eggs. 

limens  of  the  excreta  from  204  miners  who  work  in  one  of  the 
mines  in  the  northern  part  of  the  State  of  California  were 
led.  The  water  in  this  mine  is  highly  acid,  analyzing  0.01 
at  acid.  Only  3  per  cent  of  the  men  examined  were  in- ' 
and  the  possibility  that  these  men  brought  the  infection  with 
rather  than  contracting  it  at  the  mine  in  question,  must  be 
jred. 

C0KQ£ST10N    IN    THE   MINES. 

of  the  reasons  why  hookworm  infection  became  widespread  in 
nes  of  the  Mother  Lode,  is  due  perhaps  to  the  steep  dip  of  the 

inrrlei.  A.,  Pio[ih;liilB  at  ankyloitoiiiiaali :  Brit.  Med.  Jour.,  toL  161,  pt  2, 

190S,  p.  1418. 

rnnliB,  A.,  utleU  cited. 
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ore  deposit,  averaging  as  it  does  about  70°  to  80^.  As  the  levels  are 
developed  one  below  the  other,  the  mine  water  which  drains  through 
the  old  upper  infected  levels  leaks  down  into  the  new  workings.  It 
is  as  if  in  a  20-story  building,  the  tenants  on  the  top  floor  permitted 
their  waste  water  to  leak  through  upon  the  residents  on  the  nine- 
teenth floor,  and  then  those  on  the  eighteenth  floor,  after  receiving 
the  waste  from  the  nineteenth  and  twentieth,  would  add  theirs  to  it 
and  pass  it  on  to  the  tenants  on  the  seventeenth,  and  so  on.  If  toilet 
cans  had  been  installed  in  the  mines  of  the  Mother  Lode  20  years 
ago,  rather  than  2  years  ago,  hookworm  infection  might  never  have 
gotten  a  foothold. 

In  most  of  the  coal  mines  in  the  United  States  to-day  there  is  ab- 
solutely no  toilet  provision  whatever  and  the  miners  commit  nui- 
sances all  over  the  mine.  The  coal  deposits,  for  the  most  part,  lay 
in  a  horizontal  strata,  and  their  development  spreads  over  great  areas 
rather  than  sinking  to  great  depths.  This  perhaps  helps  to  account 
for  the  fact  that  coal  mines  are  not  heavily  infected  with  hookworm. 
The  toilet  accommodations  in  coal  mines  are,  as  a  general  rule,  worse 
than  in  the  metal  mines. 

The  approximate  slope  of  tlie  shaft,  the  number  of  mine  levels 
developed,  number  of  active  working  levels,  depth  of  lowest  level 
along  the  slope,  approximate  amount  of  water  removed  daily,  ap- 
proximate number  employed  underground,  and  percentage  of  under- 
ground men  found  infected  are  shown  in  Table  5. 


Table  5. — Data  on  slope,  development,  drainage,  and  proportion  of  underground 
workers  infected  with  hookworm  in  the  mines  examined. 


Name  of  mine 

Approximate  slope  of  shaft,  degrees . 

mimber  of  mine  levels  developed 

Number  of  active  working  levels 

Depth  of  lowest  level  (along  slope),  ft 
Approximate  water  removed  daily, 

gallons 

Approximate  number  of  men  em- 
ployed underground 

Percentage  of  underground  men 
Ibund  infected 


A. 

B. 

C. 

D. 

E. 

F. 

6. 

60 

35 

5 

4,aoo 

40,000 

135 

60 

90 

is' 

3,750 

125,000 

270 

16 

70 

IG 

6 

2,850 

190,000 

360 

67 

70 

24 

5 

3,200 

20,000 

GO 

39 

50 

6 

4 

1,400 

145,000 

55 

23 

50 

5 

3 

700 

30,000 

30 

21 

60 

16 

6 

2,400 

125 
33 

H. 


50 

12 

4 

2,3.50 

100,000 

100 

31 
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TEHPEBATUItE  OF  THE  MINES. 

A  number  of  temperature  and  humidity  readings  were  taken  in  all 
of  the  mines.  In  selecting  the  places  for  the  readings  an  effort  was 
made  to,get  a  fair  average  temperature  of  the  active  part  of  the  mines. 
Some  temperature  readings  were  taken  in  abandoned  levels,  but  these 
were  not  included  in  computing  averages.  Information  about  tem- 
perature and  relative  humidity  is  shown  in  Table  6 : 
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B. 

C. 
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E. 

T. 
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32 
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4,  am 
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31 
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39 

11 

% 

93 

1,*» 
23 
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SS 

63 
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BB 

m 
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i 

33 
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l.«SO 

npmture  observed,  *F 

& 

onren  vorUnglarel  aloDK 
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;  table  shows  that  the  highest  temperature  found  in  any  of  the 
was  88°  F.  and  the  lowest  was  58°  F.  Mine  A  had  the  highest 
:e  temperature,  83°  F.,  and  mine  F  had  the  lowest  average 
■ature,  63°  F. 

mas  Oliver,  in  an  article  entitled  "  Sliners'  Wonn  Disease," 
April,  1905,  issue  of  the  Journal  of  State  Medicine,  states  that 
■atures  between  68°  and  90°  F.,  with  a  certain  degree  of  mois- 
re  favorable  circumstances  for  the  development  of  hookworm 
ito  larvse.     All  of  the  mines  examined  on  the  Mother  Lode, 

one,  have  an  average  temperature  between  these  limits.     The 

of  the  hookworm  infection,  however,  does  not  vary  with  the 
-ature,  as  mine  B,  which  is  second  highest  in  temperature, 

least  infected  of  all  the  mines.  The  author  believes  that 
be  infection  once  introduced,  it  is  not  so  much  the  warmth  of 
nes  as  the  uniform  temperature  accompanied  by  high  humidity 
akes  the  deep  mines  of  the  Mother  Lode  favorable  for  the  de- 
lent  of  hookworm  infection.  Table  6  shows  an  interesting  re- 
hip  between  depth  and  temperature. 

h  the  exception  of  mine  A  all  of  the  mines  were  connected 
east  two  shafts  so  that  natural  ventilation  existed.  Mine  A 
ily  pushing  to  completion  its  connection  with  a  second  opening, 
des  the  depth  and  number  of  openings,  a  factor  inBuencing  the 
'ature  is  the  amount  of  timber  in  the  mine.  Some  of  the  hot- 
mperatures  were  found  to  be  near  stopes  which  had  been  filled 
Id  mine  timbers.  Most  of  the  mine  superintendents  now  be- 
hat  the  practice  of  filling  stopes  with  old  timber  is  false  econ- 

Besides  increasing  the  temperature  and  thereby  reducing  the 
Lcy  of  the  workmen,  the  fire  hazard  of  the  mine  is  increased. 
et  of  the  mines  the  old  timber  is  now  hauled  to  the  surface 
imed  under  the  boilers. 
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B.ELATIVE  HUmillTT. 
The  high  relative  humidities  of  the  mines  examined, 
Table  6,  help  to  make  these  mines  fertile  breeding  places 
worm.  The  average  temperature  in  the  mines  may  be  affe< 
what  by  the  temperature  outside,  but  the  relative  humid 
mine  air  appears  to  have  little  relationship  with  the  relative 
of  the  intake  air.  Temperature  and  humidity  readings  v 
at  the  surface  at  mines  D,  F,  and  H  on  the  day  of  their 
tion.  The  difference  in  humidities  between  the  surface  a 
ground  is  far  more  striking  than  the  difference  in  tern 
as  shown  in  Table  7. 


Table  7. 

—Rclatice  temperature 

and 

humiditp 

In  mine*  titati 

D. 

m 

R^JcfyBSumTdllj 

Attention  is  directed  to  Table  8,  which  shows  the  aunui 
'  and  surface  temperature  at  Jackson,  Cal.  It  will  be  notei 
1915  the  average  temperature  on  the  surface  is  59.4°  F. ;  thi 
45.4"  F.  and  the  highest  is  76.4°  F.  The  variable  conditii 
surface  are  a  contributing  factor  in  the  lower  percentage 
worm  infection  among  the  surface  workers. 

TABI.E  8. — Mean  temperature  and  precipitation  at  Jacfcton,  ■ 
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BELATIVE  INFECTIOUSNESS  OF  THE  VAJUOUS  MINES  E3 

The  percentage  of  infection  found  among  the  undergi 
ployees  does  not  necessarily  measure  ^e  relative  extent: 
the  infection  in  the  mines.  Attention  is  called  to  this  t 
the  mines  are  infected  with  hookworm  eggs;  the  miners  ai 
with  hookworms.  These  will  be  differentiated  hereafter  by 
to  the  infection  among  the  miners  and  the  infectiousness  of 

The  length  of  time  that  the  men  have  worked  in  the  i 
haps  influences  the  percentage  of  infection  found.    It  is  : 
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e  that  the  likelihood  of  contracting  hookworm  infection  de- 
:  upon  the  period  that  the  men  have  been  exposed  to  infectious 
I.  No  doubt  some  of  the  miners  having  hookworm  contracted 
infection  in  a  different  mine  from  the  one  in  which  thty  were 
ng  at  the  time  they  were  examined,  but  as  this  would  apply  to 
e  mines  these  cases  would  perhaps  be  balanced  in  attempting  to 
ire  the  relative  infectiousness  of  the  various  mines  examined, 
ill  the  mines  were  equally  infectious,  other  factors  being  the 
there  should  be  a  relation  between  the  percentage  of  infection 

and  the  average  duration  of  employment.  The  mine  with 
ighest  percentage  of  men  infected  should  have  the  Itmgest 
^  duration  of  employment.  Table  9  shows  t^is  not  to  be  so. 
C,  with  the  highest  percentage  of  infection,  had  the  second 
:  period  of  employment  This  indicates  that  the  extent  of 
iousness  in  the  different  mines  varies. 

take  into  consideration  this  time  element  in  estimating  the 
re  infectiousness  of  the  mines,  it  might  be  assumed  that  if  at 
A  60  per  cent  of  the  men  were  infected  in  48  months,  100  per 
n-ould  be  infected  in  80  months,  and,  that  in  mine  B,  if  16 
ot  were  infected  in  26  months,  100  per  cent  would  be  infected 
',  months.  Comparing  162  with  80,  it  might  be  said  that  mine 
twice  as  infectious  as  mine  B.  This  is  not  actually  so,  but 
relieved  to  be  nearer  the  truth  than  if,  on  comparing  60  per 
Nith  16  per  cent,  it  was  said  that  mine  A  was  3.8  times  as 
ious  as  mine  B. 

lie  9  shows  the  percentage  of  infection,  average  duration  of 
ymeait,  estimated  time  required  for  100  per  cent  infection, 
of  mines  based  on  the  percentage  of  miners  infected,  and  the 
based  on  the  infectiouaiess  of  the  mine,  for  the  various  mines 
ned.  In  ctHnparing  these  two  ratings,  it  will  be  observed  that 
A  which  is  second  worst  according  to  the  first  method  be- 

sixth  wor^  according  to  the  second  method.  Mine  E  Which 
[ith  according  to  the  first  method  becomes  third  according  to 
cond.  The  other  mines  occupy  about  the  same  relative  stand- 
ith  botl^methods. 
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IMFEBMANENCY  OF  LABOB  IN  THE  MOTHEB  LODE  MUHSS. 

Hookworm  infection  no  doubt  is  prevalent  in  other  mining  States 
as  well  as  California.  The  desirability  of  extending  this  work  into 
other  mining  States  became  apparent  at  the  very  outset  of  this 
investigation.  The  labor  on  the  Mother  Lode  is  in  a  constant  state 
of  flux.  Numbers  of  miners  were  examined  and  found  infected  with 
hookworm,  but  before  treatment  could  be  administered  they  were 
gone.  Their  whereabouts  is  not  known,  but  in  whatever  mines  they 
work  they  will  spread  hookworm  infection  if  the  mine  is  insanitary 
and  the  conditions  are  "  favorable  "  to  the  development  of  hookworm 
eggs. 

Statistics  which  show  the  impermanency  of  labor  in  the  Mother 
Lode  mines  are  presented  in  Table  10.  The  average  duration  of 
employment  of  the  underground  men  at  each  mine  was  determined. 
The  date  of  employment  of  each  man  was  looked  up  and  the  number 
of  months  that  he  had  been  employed  was  calculated.  These  figures 
were  averaged  in  order  to  find  the  average  duration  of  employment 
of  the  underground  force  at  each  mine.  Anyone  whose  work  at 
any  time  took  him  into  the  mine  was  classified  as  an  underground 
man.  The  longest  average  period  of  employment  was  48  months, 
at  mine  A ;  the  shortest  period  was  eight  months,  at  mine  E. 

In  addition  to  this  the  average  number  employed  during  1915  and 
the  average  number  "paid  off"  each  month  during  the  year  1915 
were  found  for  some  mines.  In  mine  D  there  were  more  than  three 
"turnovers"  of  the  labor  force  during  1915.  At  mine  C  360  men 
were  paid  off  during  1915;  the  proportion  of  infected  men  at  this 
mine  was  67  per  cent.  If  this  rate  is  applied  to  the  men  paid  off, 
about  241  men  infected  with  hookworm  left  this  one  mine  during 
the  year  1915. 

TABI.E  10. — Data  showing  inip<rmanency  of  labor  in  minea  of  the  Mother  Lode 

district. 


Name  of  mine. 


Averape  duration  of  emplojrment,  months 

Average  number  employed  underground  in  1915. . 
Average  number  paid  off  each  month  during  1915. 

Frequency  of  turnover  of  labor  force  in  1915 

Average  service  of  Americans,  months 

Average  service  of  Italians,  months 

Average  service  of  Spaniards,  months 

Average  service  of  Austrinns,  m  mihs 

Percentage  of  underground  employees  married  — 
Average  service  of  married  employees,  months. . . 
Average  service  of  unmarried  employees,  months. 
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B. 
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47 
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40 
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40 


26 
270 
15 
18 
35 
23 
IS 
32 
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13 

250 

30 

8.6 

23 
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13 
62 


17 
13 


10 


E. 


8 
57 

lis 

9 
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7 

35 
10 
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19 


15 
19 


22 


Q. 


H. 


120 
33 

3.6 
23 
25 
15 
24 


17 
100 
34 
4.2 
61 
13 
13 
11 
51 
27 
10 


The  lack  of  permanent  mine  labor  has  other  serious  aspects  in 
addition  to  its  effect  upon  hookworm  conditions.  Floating  labor 
is  not  efficient  labor.  The  newcomer  must  get  acquainte3  with  the 
working  conditions,  and  in  so  doing  he  wastes  not  only  his  own  time, 
but  the  time  of  his  partner,  the  shift  boss,  and  the  bookkeeper. 
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ng  labor  means  uncertain  labor.  Often  the  mine  is  not  op- 
to  capacity  because  of  luck  of  men,  and  when  working  places 
ad  there  are  unoccupied,  part  of  the  investment  is  idle,  whereas 
erhcad  expenses  are  about  the  same. 

iting  labor  increases  the  risk  of  accidents  with  the  consequent 
suffering,  and  disorganization.  An  output  of  a  mine  may 
ibly  affected  for  many  houre  by  a  fatal  accident,  every  miner 
more  or  less  affected  by  the  knowledge  of  the  catastrophe, 
reatest  cause  of  mine  accidents  is  falls  of  rock,  and  it  is  logical 
ik  that  the  miner,  having  u  knowledge  of  the  rock,  its  strati- 
D,  and  peculiarities,  can  guard  himself  better  against  such  acci- 
than  a  new  man  who  is  not  familiar  with  his  working  place, 
ayalty,  the  most  intangible  but  most  valuable  of  all  assets,  can 
stimulated  in  floating  labor.  This  perhaps  is  its  most  objec- 
le  feature. 

SUOOESTED  REBiEDIEti. 

:  believed  that  the  labor  supply  is  a  serious  problem  in  this  dis- 
nd  must  soon  be  faced  earnestly  by  the  mine  operators,  as  by 
erators  in  many  other  mining  districts  in  the  United  States, 
jgh  the  writer  does  not  presume  to  offer  a  solution,  it  is  felt 

this  problem  is  studied  with  the  same  attention  and  zeal  as  are 
mining  problems,  remedies  will  soon  be  forthcoming.  For 
le,  in  some  mines  of  the  district  the  average  duration  of  em- 
ent  is  48  months,  whereas  at  others  the  men  leave  in  eight 
s.  A  recognition  of  the  losses  due  to  floating  labor  will  be  the 
ep  toward  its  abatement. 

ew  suggested  remedies  are  given  here.  More  information 
the  men  should  be  obtained  at  the  time  of  their  employment. 
!ation  cards  showing  the  name,  nationality,  age,  marital  state, 
lents,  previous  mining  experience,  etc,  of  the  applicant  are 
eing  used  at  some  of  the  mines  and  they  should  be  used  at  alt 
mines.  Such  a  system  in  itself  tends  to  keep  away  undesirable 
rs  who  come  only  with  the  intention  of  earning  a  few  dollars 
len  roaming  on.    When  a  man  is  "  paid  off  "  a  definite  reason 

be  assigned  for  leaving;  if  he  is  discharged,  the  shift  boss 
1  report  the  reason ;  if  he  quits  voluntarily,  his  reason  for  doing 
uld  be  ascertained  if  possible.  Facts  thus  obtained  might  be 
live  of  remedies.  At  least  it  would  place  the  employment  ques- 
9  a  more  systematic  basis. 

re  appears,  as  is  natural,  a  seasonal  fluctuation ;  the  men  quit 
nea  during  the  summer  to  go  to  ranches,  or  into  the  lumbering 
,  or  into  the  hop  fields,  or  fruit  orchards.  Instead  of  this  two 
s'  respite  being  concentrated  into  the  gummer,  would  it  not  be 

to  spread  it  over  the  entire  year  by  making  every  Sunday  a 
17748'— 17 8 
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lughout  the  district,  only  the  presence  oi  n 
I  being  permitted  in  the  minesf    If  a  miner  *'  g 

"  seven  days  a  week,  week  in  and  week  out,  it 
re  he  gets  discontented  and  craves  a  change, 
luperintendents  in  the  district  hold  these  view; 
minate  Sunday  work.  The  effectiveness  of  tt 
Id  work  out  better  if  the  district  unanimous!; 
1  some  of  the  coal-mining  districts  fluctuating 
seasonal  trade  variations  is  one  of  the  reasons 

about.  This  does  not  apply  to  the  metal  mii 
i  district,  as  the  mines  can  be  worked  throu{ 
«lls  at  a  fixed  price  and  many  of  the  mines  art 

i  social  conditions  in  the  towns  adjacent  to  1 
Hence  on  the  problem  of  labor  supply.    The  t 

hat  might  be  considered  the  best  town  enjoy  th« 
le  town  conditions  are  a  difficult  ^tuation  to  n 
cy  of  many  of  the  companies  not  to  interest  t] 
rs  or  to  attempt  to  regulate  the  actions  of  the  i 
;he  mines.  The  relative  advantages  and  disa< 
pany-controlled  mining  town  are  too  comple 

paper.  Many  of  the  good  features  of  the 
le  adopted  with  iidvantage,  it  is  believed.  Soi 
Ltendents  encourage  interest  in  outdoor  sportf 
lonations  and  liberal  concessions  in  the  workiniE 

mining  companies  recently  presented  a  clubho' 
for  the  benetit  of  the  citizens  in  general,  which 

he  companies  exert  more  or  less  influence  over  t 
g  houses  maintained  for  unmarried  miners,  and 
tion  into  conditions  at  bunk  houses  might  be  p 
results. 

ility  of  starting  a  building  and  loan  associatio) 
isting  the  men  to  build  homes  is  suggested  by 
hod  is  being  tried  by  operators  in  other  distric 
with  families  make  steadier  workmen  than  si 
'n.    This  statement  is  confirmed  by  the  resul 

ert  an  important  influence.  Special  night  clasi 
r  young  men  where  practical  subjects  could  be 
.  help  to  make  them  better  miners.  English' 
>reigners  could  be  organized.  The  school  syst* 
district  at  the  time  of  this  investigation  appea 
correlated  with  the  basic  industry  of  the  di 
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i  localization.    Closer  interrelation  between  the  Bchool  system 

he  mining  industry  could  no  doubt  be  worked  out  to  the  advan- 

:if  both  and  of  the  community  at  large. 

ese  few  comments  on  the  impermanency  of  mine  labor  are  of- 

merely  as  suggestions  and  not  as  a  solution  of  this  complicated 

em.    If  they  are  of  any  value  whatever  they  will  have  fulfilled 

purpose. 

NTECTIOTTSNESS  Ot  DIFrEBENT  OCCUPATIONS  IN  XOTK 

th  the  hope  of  learning  which  particular  areas  of  the  mine  were 
fidy  or  if  certain  areas  were  more  infected  than  others,  the  un- 
ound  working  force  was  divided  into  four  classes  according  to 
iture  of  their  duties,  and  the  percentage  of  infection  among  each 
iras  determined.  The  four  classes  were :  (1)  The  bosses  and  re- 
nen  who  travel  all  over  the  mine;  {2)  the  skip  tenders  whose 
in  is  the  shaft;  (3)  the  miners  who  spend  most  of  their  time  in 
opes;  and  (4)  the  muckers  and  car  men  who  traverse  the  levels. 
;  value  of  the  results  of  this  study  is  seriously  affected  by  the 
^ability  of  duties,  the  muckers  of  one  day  becoming  miners  the 
and  the  miners  becoming  repair  men  or  bosses.  The  study  is 
lue  as  showing  indications  rather  than  absolute  proofs. 
}  percentage  of  infection  among  the  four  classes  of  labor  for 
mine  and  the  average  duration  of  employment  is  shown  in 
11.    ■ 
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vill  be  noted  that  the  skip  tenders  and  the  bosses  and  repair 
how  a  higher  percentage  of  infection  than  the  miners  and  the 
ers  and  car  men. 
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No  doubt  this  is  partly  due  to  the  fact  that  the  skip  tender 
bosses  aod  repair  men  have  been  in  the  mines  for  a  longe 
and  the  possibility  of  contact  with  the  disease  has  been  coi 
ingly  greater.  At  the  same  time  the  nature  of  their  duties, 
about  as  they  do  all  over  the  mine,  also  makes  the  possibility 
tact  greater. 

The  high  percentage  of  infection  among  skip  tenders  indie 
the  shafts  are  very  infectious.  This  is  what  might  be  exp 
all  the  mine  water  drains  toward  the  shaft. 

One  would  expect  the  car  men  to  be  more  subject  to  infect 
the  miners,  because  they  travel  back  and  forth  on  the  wet  '. 
day,  whereas  the  miners  remain  in  the  comparatively  dr 
The  figures  in  Table  11  appear  to  contradict  this  statement 
in  five  of  the  eight  mines  the  miners  have  a  higher  rate  of 
than  the  muckers  and  car  men.  It  should  be  kept  in  mind, 
that  the  miners  may  have  worked  as  muckers  or  car  men  be: 
became  miners,  and  they  might  have  contracted  the  infect 
It  should  be  noted  that  in  three  mines,  although  the  dui 
employment  of  the  muckers  is  shorter  than  the  miners,  the  n 
fection  among  the  muckers  is  higher. 

FBOFOBIIOM  07  INTECTION  AJfONO  DIFFEBENT  NATION. 

The  percentage  of  infection  among  the  different  nationa 
the  separate  mines  and  for  all  the  mines  combined  and  the 
duration  of  emplojmient  are  shown  in  Table  12. 
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combining  the  results  from  all  the  mines  it  will  be  noted  that 
talians  n-ere  least  infected,  the  AmericaDS  second,  the  Spaniards 
,  and  that  the  Austrians  had  the  highest  percentage  of  infection. 
>ur  of  the  eight  mines  examined  the  Italians  Trere  the  lowest;  in 
if  the  eight  mines  the  Austrians  were  the  highest ;  and  in  four  of 
nines  the  Italians  had  a  lower  percentage  of  infection  than  the 
rians,  although  the  average  period  of  employment  in  the  mine 
longer  than  that  of  the  Austrians.  It  would  appear  that  this 
-ence  between  Italians  and  Austrians  is  more  than  a  mere  coin- 
ice,  but  a  satisfactory  explanation  can  not  be  given.  It  may  be 
the  Italians  looli  after  their  shoes  better ;  it  may  be  a  question 
<rsonal  hygiene ;  or  it  may  be  a  dietary  difference  of  the  two 
nalities. 

QENERAL  DISCUSSION  OF  BESITIiTS  OBTAINED, 
ferring  again  to  Table  1,  it  will  be  noted  that  the  percentage  of 
ted  men  in  the  different  mines  varies  from  16  to  67  per  cent, 
not  an  easy  matter  to  account  for  thia  difference,  as  the  factors 
tncing  hookworm  infection  are  many  and  varied.  To  simplify 
splanation  only  two  mines  will  be  compared,  the  one  having  the 
^  and  the  one  having  the  lowest  percentage.  Strange  as  it 
appear,  there  is  a  striking  similarity  between  these  two  mines, 
md  one  would  say  that  these  two  mines  where  hookworm  infec- 
is  most  divergent  are  more  alike  than  any  other  two  mines 
lined.  Salient  facts  regarding  these  two  mines  are  assembled  in 
b13. 
:  13. — Data  on  the  two  mintB  having  the  maximum  and  minimum  pereaUaget  of 

Utns  B.  Ulne  C. 

itage  of  underground  men  infected 16  67 

je  number  employed  underground 270  260 

>le  toUet  cans  underground Yea.  Yea. 

«r  of  montha  cans  had  been  installed  at  time  of  inspectioa.  3  6 

«rof  timee  per  week  cana  are  cleaned 2  7 

of  loweet  level  along  elope,  feet "  3, 750  2, 850 

□umber  of  levels  developad 16 

■er  of  active  woridog  levels 13  6 

ge  temperature,  "  F 78  75 

^  duratiou  of  employment  of  underground  men,  months.  26  13 

IB  of  wal«r  removed  daily 126,000  200,000 

)ge  well  taken  care  of Yes.  No. 

ge  relative  humidity,  pep  cent 97  09 

limate  slope  of  shaft 80"  70" 

ground  men  by  nationalities: 

ustriane,  percent 9  44 

alians,  per  cent 57  11 

paniaida,  per  cent 12  36 

niericaos,  percent 22  10 
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The  mines  practically  adjoin  each  other,  and  are  the  tn 
examined,  one  employing  270  men  and  the  other  260.  Th 
sanitary  accommodations  in  both  mines  are  the  same  an 
ground  toilet  cans  have  been  installed  in  both  for  about 
period.  They  are  both  deep  mines,  and  there  is  little  dlff 
temperature,  only  3°  F. 

Sc»ne  of  the  conditions  indicate  that  mine  B  should  hare 
percentage  of  infection  than  mine  C,  because  the  workings 
concentrated,  the  mine  has  been  worked  longer,  and  has 
number  of  total  levels  and  active  working  levels.  More 
average  duration  of  employment  of  underground  men  in  mil 
months,  which  is  twice  that  of  mine  C,  and  increases  the  1 
of  infection. 

Why,  then,  are  only  16  per  cent  of  the  men  at  mine  B  inf 
67  per  cent  at  mine  C?  The  following  reasons  help  to  ex] 
discrepancy : 

1.  Although  at  present  the  sanitary  acconomodations  are  e 
is  believed  that  in  the  past  mine  B  has  been  kept  cleaner  ^ai 

2.  Mine  B  makes  about  125,000  gallons  of  water  per  d 
mine  C  makes  about  200,000  gallons.  Mine  drainage  is 
watched  in  mine  B,  whereas  it  is  not  in  mine  C. 

3.  Mine  C  employs  a  more  transient  class  of  labor,  thei 
workmen  are  more  indifferent  to  the  welfare  of  the  mine;  n 
of  the  floating  class  apply  for  work  when  they  are  witho 
and  go  into  the  mine  with  womout  shoes  and  perhaps  are 
iibout  bathing  and  the  cleanliness  of  their  shift  clothes.  1 
house  at  mine  C  had  poorer  facilities  and  was  not  kept  so 
the  one  at  mine  B. 

4.  Mine  B  has  a  vertical  ^aft,  whereas  at  mine  C  the  si 
an  angle  of  about  70°.  A  vertical  shaft  is  probably  eaae 
clean  and  dry,  and  subjects  the  men  to  less  possibility  of 
when  they  are  raised  and  lowered  than  an  inclined  si 
this  connection  it  is  interesting  to  note  that  mine  B,  in  ac 
its  principal  vertical  shaft,  has  an  inclined  shaft  a  few  hun 
away,  which  penetrates  the  older  workings.  In  this  old 
men  work  under  conditions  approximating  those  in  mine 
these,  or  44  per  cent,  were  infected ;  whereas  only  39  of  the '. 
per  cent,  of  the  men  in  the  newer  part  of  mine  B  were 
This  rather  conflrms  the  belief  that  much  of  the  infectio 
tracted  in  the  shaft. 

5.  Nationality  of  labor  force  is  perhaps  a  factory  of  il 
ground  men  examined  in  mine  B  only  9  per  cent  were  . 
and  52  per  cent  were  Italians,  whereas  in  mine  C  44  per  i 
Austrians  and  11  per  cent  were  Italians. 
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icommendations  as  to  how  hookworm  infection  can  be  stamped 
n  the  mines  of  the  Mother  Lode  are  contained  in  pages  43  to  44. 

report  will  place  in  the  hands  of  mine  superintendents  of  the 
ed  States  a  knowledge  of  hookworm  infection  and  how  it  is 
id,  so  that  they  will  be  able  of  their  own  initiative  to  eradicate 

it  already  exists,  or,  better  still,  to  install  improTements  which 
prevent  its  introduction.  After  all,  most  of  the  sanitary  recom- 
lations  made  herein  should  be  followed  as  a  matter  of  clean- 
s  and  hygiene,  irrespective  of  their  relation  to  hookworm  in- 
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Bj  James  O.  Cuukiro. 

Aa  stated  in  the  introduction  of  this  report,  it  was  pl« 
investigating  the  prevalence  of  hookworm  infection  am 
miners  of  the  Mother  Lode  district,  to  diagnose  fecal  specimt 
the  miners  and  determine  the  percentage  of  infected  men. 

COLLECTION  07  SFECIKENa 

It  was  decided  not  to  make  the  microscopical  esamin: 
stool  specimens  in  the  field,  as  was  the  procednre  followec 
Rockefeller  Foimdation,  but  at  the  main  hygienic  laborator 
bureau  of  communicable  diseases  of  the  California  State  I 
Health.  Consequently  it  was  necessary  to  devise  a  conveni 
tainer  for  the  collection  and  transportation  of  the  specimei 
container  adopted  was  a  half-ounce  wide-mouthed  bottle, 
cork  stopper  of  each  bottle  there  was  inserted  a  galvan 
spatula  somewhat  narrower  than  the  mouth  of  the  botth 
was  used  to  transfer  the  specimen  of  stool.  The  spatul 
greatly  to  the  convenience  of  collecting  specimens.  Thf 
were  numbered  by  first  paraffining  the  exterior,  then  sc 
the  number  through  the  paraffin,  and  finally  exposing  tc 
fluoric  acid.  Such  a  system  of  marking  removes  all  possil 
error  through  the  accidental  removal  of  a  paper  label  or 
the  obliteration  of  an  ink  number.  Five  cubic  centimeter 
per  cent  tricresol  solution  was  placed  in  each  container  bef< 
ment  to  the  mine  superintendent.  This  solution  disinfects  tl 
men  and  prevents  development  of  the  hookworm  eggs. 

The  containers  were  shipped  to  the  mine  superintendent, 
rected  their  distribution  through  the  mine  bosses  to  the  min 
instructions  to  transfer  a  specimen  of  excreta  the  size  of  a 
to  the  bottle,  then  return  it  to  the  mine  boss.  When  the  c( 
were  returned  to  the  laboratory  there  was  forwarded  a  list  ( 
of  those  submitting' specimens  with  their  corresponding  e 
numbers,  also  information  about  miners  for  use  in  filling  oul 
worm  certificates"  (see  page  41). 
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DIAONOSIS  OF  BFECnCENS. 
.Ithough  there  are  various  methods  of  diagnosis  of  hookworm 
^tion,  such  as  the  clinical  symptoms,  the  experimental  treatment, 
microscopic  examination  of  blood,  and  the  microscopic  ex- 
nation  of  stool,  it  was  decided  that  the  latter  method  would  best 
e  the  purposes  of  this  investigation. 

:  was  found  that  there  was  a  great  variation  in  different  mines  in 
percentage  of  positive  specimens,  as  well  as  in  the  degree  of  in- 
ion.  It  was  therefore  advisable,  as  regards  economy,  to  detwmine 
ther  direct  microscopic  examination  or  centrifugalization  in  con- 
:tion  with  the  micnscopic  examination  was  preferable. 

THE  DIBECT  HICB08C0PIC  EXAMINATION  OF  FECES. 

y  the  method  of  direct  examination  with  the  microscope  an 
>unt  of  the  specimen  about  the  size  of  a  match  head  is  trans- 
ed  by  a  toothpick  to  a  microscopic  slide,  a  separate  toothpick 
g  used  for  each  specimen.  The  specimen  is  thoroughly  siis- 
led  in  six  drops  of  a  2  per  cent  tricresol  and  2  per  cent  glycerin 
tion.  Such  a  suspensitm  is  uniform  and  not  too  thick.  The 
resol  acts  as  a  deoderant  and  the  glycerin  prevents  rapid  drying 
thus  obviates  the  necessity  of  a  cover  glass.  To  thoroughly 
nine  such  a  slide  requires  20  minutes. 

THE  DIRECT  IHBCEBBION  HtCROSCOPIC  METHOD. 

here  are  two  essential  differences  between  the  technique  of  this 
that  of  the  direct  method.  It  was  noted  by  Dr.  William  Pepper,' 
908,  that  the  eggs  of  hookworm,  although  sticking  closely  to  the 
s  slide,  do  not  adhere  to  any  of  the  many  other  constituents  of 
stool.  This  sticky  property  of  the  hookworm  egg,  however,  is 
royed  in  the  presence  of  glycerin,  so  in  preparing  a  specimen 
the  immersion  technique  it  is  necessary  to  use  only  tricrescol  in 
suspending  solution.  If  a  suspension  of  stool  is  thus  prepared 
2  per  cent  tricresol  solution  and  is  permitted  to  settle  for  sev- 
minutes  and  then  the  slide  is  gently  immersed  in  slowly  running 
;r,  the  eggs  are  found  adhering  to  the  slide,  while  the  non- 
^ive  debris  is  washed  away.  If  several  applications  of  the 
■ended  stool  are  applied  to  the  slide  and  gently  washed  off,  the 
)  becomes  thickly  studded  with  eggs.  Finally  a  2  per  cent  gly- 
n  solution  may  be  dropped  on  the  slide  and  the  specimen  exnm- 
1  under  the  microscope. 

THE  CENTHIFCOAI.  METB<H>. 

he  procedure  by  the  centrifugal  method  is  as  follows :  An  amount 
too]  about  the  size  of  a  small  lima  bean  is  transferred  to  a  small 

Hln,  C.  W.,  Hookworm  disease:  U.  S.  Public  Healtb  Service  Bull.  32,  1612.  40  pp. 
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centrifuge  tube,  which  is  about  half  filled  with  wster. 
tube  is  closed  by  holding  a  square  of  thin  rubber  belting 
opening  and  the  contents  are  shaken  until  the  material  is 
geneous  suspension.  Eight  such  specimens  are  prepared, 
first  centrifugalization  of  one  set  of  four  specimens,  in  a 
centrifuge,  the  other  set  of  four  are  centrifuged  while  th 
is  being  prepared  for  the  second  centrifugalization.  In  th 
time  is  lost.  After  each  centrifugalization,  the  supemat 
water  containing  bacteria  and  light  organic  matter  is  p< 
Fresh  water  is  added,  the  contents  shaken  and  again  cei 
It  was  determined  by  test  that  the  hookworm  eggs  were  o 
thrown  down  on  whirling  for  25  seconds  at  1,800  revolution 
ute.  After  the  third  washing  the  sediment  loses  its  stic^ 
and  is  granular  in  appearance. 

MICBOBCOPIC  EXAMIKATlOIt  Of  CBNTRIFCGBD  BPECIUBK. 

The  sediment  may  be  directly  examined  under  the  micros 
satisfactory  results,  for  it  is  found  that  there  is  little  granu 
to  obscure  the  eggs.  Another  method  is  to  inmierse  the 
before  examination.  By  this  procedure  the  suspended  se 
permitted  to  stand  on  the  microscopic  slide  for  several 
poured  off,  and  the  slide  gently  immersed  in  slowly  runni 
If  the  application,  sedimentation,  and  immersion  be  repeat4 
times,  the  chance  of  making  a  positive  diagnosis  in  b  lightl; 
individual  is  greatly  increased. 

It  will  be  noted  that  the  centrifugal  and  immersion  met 
referred  to  are  in  the  main  those  originated  by  Dr.  Williai 
in  1908. 

In  preparing  the  microscopic  slide  for  examination,  the 
should  cover  at  least  the  middle  two-thirds  of  the  slide,  on* 
each  side  of  the  center  line  of  the  slide.  A  line  of  aspht 
made  by  a  glass  pencil  will  keep  the  suspended  specimt 
the  desired  bounds.  The  specimen  is  examined  under  a 
inch  objective.  A  mechanical  stage  is  essential,  so  that  I 
specimen  may  be  gone  over. 

For  the  purposes  of  the  present  investigation  of  hookwoi 
miners  the  method  of  immersion  and  micrc^copic  exami 
the  centrifuged  specimen  has  been  adopted  as  the  stan( 
cedure.  This  method  is  not  only  the  most  reliable,  but  i 
added  advantage  of  being  the  most  economical  in  the  exi 
of  lightly  infected  specimens. 

If,  however,  10  specimens  from  a  lot  of  100  or  more 
certain  mine  are  examined  and  50  or  more  per  cent  give  ; 
test  by  the  direct-immersion  method,  it  is  more  economical 
ine  the  entire  lot  by  this  method  first  and  make  use  of  the  i 
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3d  of  examining  the  centrifuged  specimen  in  all  those  giving  a 
:ive  test  by  the  direct  method. 


RESULTS  OF  EXAMINATION, 

B  results  of  the  examination  of  1,440  specimens  are  shown  in 
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LNaEMEKT  AS  TO  DIVISION  OF  COSTS  AND  METHOD  AND  BB- 
STTLTS  OF  IBEATKENT. 

a  mine  operators  of  most  of  the  mines  examined  have  agreed  to 

with  the  miner  the  expense  of  his  treatment.  That  is,  the 
tor  pays  the  druggist  for  the  medicine  and  the  miner  pays  the 
cian,  but  as  at  some  of  the  mines  the  physician  is  a  part  of  the 
organization,  the  employee  receives  the  entire  treatment,  includ- 
ledicine  and  physician's  attendance,  without  extra  cost. 

there  is  a  division  of  responsibility  for  hookworm  infection, 
iner  being  partly  responsible  because  of  his  carelessness  and  the 
tor  because  of  the  insanitary  conditions  prevailing  in  most  of 
ones,  it  was  considered  fair  that  there  should  be  a  division  of 
3st  of  treatment,  thus  impressing  upon  each  the  fact  that  his 
nsibility  should  be  an  influential  factor  in  the  success  of  the 
aign  against  hookworm.  Furthermore,  it  was  agreed  with  the 
intendent  at  each  mine  that  all  employees  found  to  be  infected 
take  the  treatment,  and  that  specimens  from  all  new  empl<^ees 
i  be  submitted. 

3  following  formula  for  hookworm  treatment  was  adapted  from 
rnited  -States  Public  Health  Service : 

a  preparatory  treatment,  at  7  a.  m.  give  60  c.  c.  and  at  7  p.  m. 

c.  of  a  saturated  solution  of  sodium  sulphate.  The  next  day 
15  drops  of  oil  of  chenopodium  at  7  a.  m.,  15  drops  at  9  a.  m., 
15  drops  at  11  a.  m.  Oil  of  chenopodium  may  be  given 
r  on  a  lump  of  sugar  or  in  a  capsule.  If  in  a  capsule  each  dose 
d  be  accompanied  by  15  drops  of  HCl  in  a  glass  of  water. 
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CKKTITICATE  ISSUED  TO  MINERS  FBBE  07  HOOKWOBH. 

3  soon  as  a  specimen  submitted  by  a  miner  is  found  free  frcsa 
^ion  a  certificate  is  issued  to  him.  On  the  completicm  of  the 
aination  of  the  specimens  from  a  mine  the  certificates  are  issued 
II  men  whose  feces  are  found  negative,  and  as  soon  as  the  in- 
td  men  are  found  to  be  cured,  as  determined  by  reexamination, 

also  receive  certificates.  The  immediate  issuance  of  certificates 
1  the  specimens  are  found  free  frtwn  infection  arouses  interest 
uent  to  make  those  not  possessing  certificates  desirous  of  getting 
1.  The  superintendents  of  all  the  mines  so  far  examined  have 
ed  to  employ  as  workers  in  the  mine  only  those  men  possessing 
ficates  and,  further,  to  insist  that  all  new  employees  not  possess- 
:«rtificates  submit  a  specimen  for  examination  and,  if  necessary, 
'eated. 

is  expected  that  each  superintendent  will  enforce  these  regula- 

3  and  that  eventually  all  California  miners  will  possess  a  certifi- 

The  cards  on  which  the  certificates  are  printed  are  4  inches 

)  by  2}  inches  high.    Each  certificate  bears  the  following  inscrip- 

Form  for  hookioorm  certificate, 
CALIFORNIA  STATE  BOARD  OF  HEALTH. 

BUKEAV   OF   COUUUniCABLE    DiaEASES. 
KOOKWOSH  OEBTIPIOATI, 

Bebkelet,  GAuroKinA,  - 
Date. 

[s  Ib  to  certify  that  the  excreta  of have  been  examined  mlcro- 

i»llr  and  hHve  been  found  free  from  hookworm  infection. 

Director. 
Identlflcntlon. 

*. Height, WelRht, 

nature, 

Thlt  certUcmte  la  good  for  one  jear  from  date. 


How  TO  Pbevent  Hookwobh  InFECnoN. 

Sever  commit  a  nnlsance  In  the  mine. 
[Tse  surface  toilets  If  posslhle. 
Jcmb  hands  thoroughly  before  eating  lunch. 
Scrub  hands  thoroughly  and  take  a  hot  shower  at  quitting  time 
Boll  out  shift  clothes  at  least  twice  a  week. 
Keep  your  mine  shoes  in  good  repair. 
Tery  truly  youra, 

JaS.    O.    ClTMUINO,    M.    D., 

Director  Bureau  of  Communicable  Diteatet. 
3o6ipa  H.  WHrra. 
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COUKENSATIOKS  FOR  THE  FBEVESTIOIT  07  HOOEWOBH 

INFECTIOK. 

Br  Jaues  G.  CDMMiNa  nnd  Joaeph  B.  Wbitb. 

order  that  the  infected  mine  workers  of  the  Mother  Lode  be 
,  that  future  infection  of  the  mines  be  stopped,  and  that  the 
T  of  contracting  infection  from  the  existing  infectious  areas 
i  mines  be  minimized,  the  following  12  recommendations  are 
to  the  mine  operators  of  the  Mother  Lode: 
ivery  employee  should  be  examined  for  hookworm  infection, 
ilalifomia  State  Board  of  Health  will  supply  specimen  bottles 
lake  the  examination  free  of  charge. 

■Ivery  infected  miner  should  be  treated  until  cured.  The  Cali- 
i  State  Board  of  Health  will  reexamine  all  men  to  determine 
ier  the  treatment  has  been  effective. 

fo  applicant  for  work  should  be  employed  until  he  presents 
okworm  certificate  "  from  the  California  State  Board  of  Health 
g  that  he  is  free  from  hookworm  infection.  .Every  miner  when 
.  free  from  hookworm  will  be  issued  a  certificate.  The  CaU- 
1  State  Board  of  Health  will  examine  specimens  of  feces  from 
:ants  free  of  charge.    The  applicant  may  be  employed  tenta- 

while  the  result  of  his  examination  is  pending. 
\11  mine  workmen  should  be  reexamined  about  one  year  from 
ite  of  the  issuance  of  the  "  hookworm  certificate."  It  is  advis- 
for  the  bosses,  repair  men,  and  skip  tenders  to  be  reexamined 
onths  after  date  of  issuance.  The  California  State  Board  of 
h  will  make  these  second  examinations  free  of  charge. 
Fhe  toilet  accommodations  in  the  mines  should  be  improved  by 
iing  toilet  cans  similar  to  those  shown  in  figures  1  and  2  (pp.  13 
4),  and  these  cans  should  be  emptied  and  cleaned  at  least  three 

a  week. 

Sanitary  water-flush  closets  should  be  installed  at  the  surface 
nient  to  the  shaft  collar  and  be  maintained  in  a  clean,  sanitary 
tion,  and  drastic  measures  should  be  adopted  to  prevent  defiling 
ese  conveniences. 

kt  underground  stations  where  the  workmen  eat  dinner  facili- 
'or  washing  the  hands  should  be  installed,  benches  allowing 
et  for  each  man  provided,  garbage  cans  for  food  renmants 
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installed  and  their  use  enforced,  and  the  stations  well  lig 
maintained  in  a  clean,  sanitar;  condition. 

8.  Bats  should  be  esterminated  from  the  mines.  It  is 
that  if  the  mines  are  kept  as  clean  as  possible  the  rats  wil 
starved  out. 

9.  Sanitary  drinking  fountains  or  sanitary  water  kegs  f 
used  in  the  mines.  If  kegs  are  used,  they  should  be  steril 
live  steam  each  night  without  fail. 

10.  The  drainage  system  in  the  mines  should  be  carefully 
the  mine  water  being  prevented  as  far  as  possible  from 
from  one  level  to  the  next.  The  drainage  ditches  on  the  lev 
be  kept  open,  thus  keeping  the  levels,  and  particularly  the  f  o 
dry  and  in  good  repair  and  free  from  muck. 

11.  Certain  improvements  should  be  made  on  the  wa 
The  houses  should  be  scrubbed  out  with  water  and  a  dis 
after  each  shift.  Additional  showers  should  be  installed  whi 
sary,  all  wash  basins  discarded,  the  washing  trough  made 
and  the  hot  and  cold  water  connected  to  a  common  mix 
thereby  allowing  the  miner  to  wash  in  flowing  water  of  an 
temperature,  and  facilities  provided  so  that  the  men  may  I 
"shift"  (working)  clothes. 

12.  The  miners  should  be  instructed  in  the  causes,  nal 
prevention  of  hookworm,  so  that  they  may  know  how  hool 
spread  and  intelligently  subscribe  to  the  remedial  measures 
introduced.  Some  educational  work  has  already  been  act 
the  instructions  on  the  back  of  the  "  hookworm  certificate 
formal  talks  ^ven  by  the  field  investigators,  and  by  a  sp 
cular"  on  hookworm,  written  by  the  authors  of  this  report  a 
by  the  California  State  Board  of  Health.  Arrangements 
under  way  for  holding  miners*  rallies  in  important  mininf 
where  illustrated  talks  will  be  given  on  hookworm  intei 
prevention  and  cure. 


LECTES  BIBLIOeBAPST  ON  HOOKWORK IS7ECTI0K IH  KISSB. 


X8,  AixBT.  AndiyloKbonmm  dvodeiule.  Med.  Press  and  Clrcolar,  toL  68, 
Nov.  14.  1894.  p.  497.    Deacribefl  case  of  a  miner  In  Austria. 

TVLKk,  GKimuK.  (Bm)  velterer  Fall  von  bocbKradiser  Anaemle  bei  cineo 
Gottbudtnaiiel  Aibdter  mlt  ancbT^oatamun  Dnodenale  In  den  Darmaus- 
lecrnngen,  Gottm.  BUtt  fOr  BcbwelBer  Aente,  Bd.  11.  Jan.  1,  UI81. 
pp.  10-12. 

—  Ueber  die  Abtrelbnng  des  aacbyloataroatii  Doodenale.  Corves.  BUtt 
Sir  SchweUer  Acnte,  Bd.  11,  Anc  1,  1881.  pp.  481-480. 

rcoTT,  A.  E.  Fnrtber  observations  on  tbe  diagnosis  of  ankylostonm  tntectlon 
wltb  apedsl  ntere>c«  to  aumUnatloa  of  tk»  blood.  Joor.  HTCiene,  voL  4, 
October.  1904,  pp.  437-479. 

coTT,  A.  E.,  and  HAUum,  J.  8.  Aa  outbreak  of  ank^ootomlasls  In  Ice- 
land. Jonr.  Hygiene,  vol.  S,  Jnnaai?,  1908,  pp.  95-1S8:  vol.  4,  Jfanoaiy, 
19M,  pp.  78-111. 

—  Progress  of  ankyloetomUals  in  Gomwall.  Joor.  Hygiene,  vol.  0,  No* 
vember.  1909,  pp.  2S4-270. 

nsH  AssociATioiT  MB  THB  ADVARCEifKRT  or  ScuitCB.  Probability  of  anky- 
lostoma  becoming  a  permanent  Inhabitant  of  onr  coal  mines  la  the  event 
of  Its  Introduction;  Interim  report  of  the  oommlttee  for  1004.  Bept 
British  AsMC  Advance.  ScL.  1904,  pp.  292-296.  This  committee  consisted 
of  Dr.  a.  H.  r.  Nnttall,  G.  P.  Bidder,  Dr.  A.  E.  Boycott,  Dr.  J.  8.  Haldane, 
and  A.  E.  Shipley.  In  Itcport  of  1906.  p.  315,  the  committee  states  that  It 
win  make  no  other  report  than  the  one  of  1904. 

TI6H  Mkdical  Jotn^AL.  Ankylostomiasis  In  Belgium.  Vol.  2,  Nov.  IS. 
1889,  p.  1488. 

—  Ankylottomlasli  In  colUeiies.    Vol.  2,  Dec.  31,  1904,  p.  1762.    Editorial. 

—  Hlnen'  worm  (ankyloMmniasIs).  Tol.  2,  Aug.  27.  1904,  pp.  449-4G9. 
Discussion  of  British  Medical  Association  meeting  of  August  16,  1904,  by 
E.  A.  Shipley,  O.  P.  Bidder,  and  Dr.  Simmers. 

—  Prophylaxis  of  ankylostomiasis.  Vol.  2,  Nov.  14.  1908,  pp.  1290-1291, 
Comment  on  Dr.  Ooort's  lecture  at  miner's  federatioa  conference.  Olas- 
low,  1003. 

tsoir.  A.  CL    Ankylostomiasis.     China  Med.  Jonr.,  voL  27,  November,  1913, 

pp.  303-369.    Pmwr  read  at  Peking  conference  held  In  January,  1913. 
}HioN.  EL    On  the  epidemic  caused  by  ankyloetondasis  among  the  workmen 

in  the  St.  Gotbard  TuaoeL    Brit  Ued.  Jour.,  vol.  1,  Mnr.  12,  ISSl.  p.  3S2. 
lOHNBLL,  Jameb.     ADkylovtomlKsls.     Lancet,  voL  1,  May  21,  1904.  p.  1419. 

Presidential  address  reed  before  the  Wlgnam  Medical  Society,  April  14, 

1914. 
67748'— 17 4  45 


46  CONTHOL  OF   HOOKWOKM  AT  MINES  OF  HOTHEB  LODI 

Dels  AST  AiLLX,  Oscar.     (La)  question  de  rantrloetomasle ;  exomea  crl 

mesurea  d'assalnlssement  rtells^es  on  proposCea. 
Elliott,  J.  F.    AnkyloBtomlBsla.    Brit  Med.  Joar.,  vol.  1,  Mar.  26,  191 
Ehdicott,  E.  E.    My  experience  wltb  tiookwonn  infection  In  tbe  de^  gi 

or  CBllfornU,    Jour.  Am.  Med,  Assoc.,  vol.  07,  Sept  80,  1911,  pp.  1 

Read  at  Am.  Med.  Assoc.,  62Dd  annual  Besslon,  Los  Angeles,  Jon* 
OOLDiiAn,  Hnoo.    Kachexla  montana  (Marasmus  montnnus).    9  pp. 

material  on  "  Anbylostomlasis  der  Berglente." 
Gvnif,  HnnoT.     Ho<Aworm  disease  In  mines  of  CalUwnla.     Mixitblr 

State  Board  of  Health,  toI.  fl,  December,  1910,  PP-  40S-415.    Abst 

Jonr.  Am.  Med.  Assoc.,  vol.  66,  Jan.  28, 1911.  pp.  268-280,  editorial 

pp.  272-273. 
BBBTSLrrT,  G.  G.  G.     Report  on  the  precaatlons  taken  to  combat 

tomlasls  In  Bel^nm.     No.  606,  misc.  series,  Diplomatic  and  Com 

ports,  Brltlsb  Foreign  Office. 
HoTcHKies,  8.  C     Mine  saniutlon.    Proc.  Ann.  Meet  Alabsma  coal 

dais,  1912,  ppl  S-16.    Mo«t  of  this  article  Is  abont  hookworm  In  ml 
JoUKNAL  or  THE  AumcAS  MmicAL  Association.    Hygiene  of  mines 

diseases  of  miners.    Vol.  S2,  Feb.  6,  1909,  p.  487. 
— Outbreak  of  ankylostomiasis  In  a  Cornish  mine.     Vol.  40, 

1903,  p.  319.    Note  on  first  case  In  a  Cornish  mine  retorted  by 

Haldane. 
'  Pn^hylaxls  of  ankylostomiasis  In  Oermany.     VoL  40^  May  B 

1299. 
LAHon'.    Ankylostomiasis  (hookworm  infection)  among  miners.    Tol 

28.  1908,  p.  183S. 

Ankylostomiasis  In  Belgium.    Vol.  1,  Mar.  2,  1907,  p.  eM. 

Malvos,  E.     (Les)  dernl^res  dtfflcvltes  It  valne  dans  la  Intte  contr 

loetomasle.    8  pp. 

Niw  Tore  Mkdical  Jocbkal.  Ankylostomiasis  In  Belgium.  Vol.  88, 
1906,  pp.  616-617. 

OuTEB.  Thomas.  Ankylostomiasis  a  menace  to  the  ladustrial  life  of 
cal  countries.  Trans.  Soc.  Trop.  Med.  London,  toL  3,  February, 
1SS--17R.  Lancet,  vol.  1.  F^.  6,  1910,  pp.  366-350.  Digest  In  Med 
ToL  77,  Feb.  26, 1010,  p.  3T6.  Noted  In  Brit  Med.  Jonr.,  vol.  1,  Msj 
p.  689. 

Ankylostomiasis  and  the  mining  Industries.    7  p. 

Ankylostomiasis  principally  as  affecting  coal  and  metalllferon 

Trans.  Royal  Med.  and  Chlrurg.  Soc.,  vol.  88,  1005,  pp.  883-404. 
Brit  Med.  Jour.,  vol.  1,  Apr.  1,  1906,  p.  72a    Address  ddiv^vd  b 
society  on  Mar.  28,  1905. 

-  —    .    Ankylostomiasis  In  Westphalia,  Huigary,  and  Gomwftll.    La 

2.  Dec.  10.  1904.  pp.  1635-1637. 

'  Miners'  worm  disease  ss  ssen  Id  Westphallan  and  Hnngarlan  < 

London,  1004,  32  pp.  Jour.  Prerentlve  Med.,  vol.  13,  April,  1906.  pp 
Paper  read  before  Mining  Institute,  Newcastle-npon-Tyne,  and 
from  TranHactlons  of  the  Institution  of  Mining  Engineers. 

BcEn.  A.  C.  InTestlgatlon  at  hookworm  Infection  nt  the  Ping  Hslan; 
Central  China.  Am.  Jonr,  PnblLc  Health,  vol.  4,  Decembw,  1914, 
1168.    Abstracted  In  China  Hcd.  Jonr.,  vol.  28,  Jnly,  1914,  pp.  267 

Stockkak,  Ralph.  Case  of  ankylostomiasis  In  Scotland.  Brit  Mt 
vol.  2,  July  25,  1008,  p.  ISO.  Noted  In  New  York  Med.  Jonr.,  vol. 
15, 1903,  p.  332. 


BIBUOOEAPHY.  47 

TasBorBAM.TRAtix.    Banltatlon  of  mines.    Lancet,  vol.  2,  Sept  2S,  190S, 

p.  933-^35.    R«ad  before  the  Indnstrfal  Hygiene  Society  of  the  Royal  In- 

tltnte  of  Public  Health  at  the  Boston,  Warn.,  CDnKren,  Jaly  21,  IMS. 

onif  CAUFOcmA  PKAcrrnonBR.    Ankylovtomlaals ;  efforts  to  eradicate  a 

Ireadfnl  disease.    Vol.  21,  June,  1906,  pp.  313-814.    Comments  on  report  of 

bonsai  UcNally,  of  LlCge,  Belgium. 

.  G.  B.    Ankylostomiasis.    Trans.  Medlco<!hlr.  Soc.  Edlnbnrgb,  vol.  B.  Apr. 

,  1904,  pp-  U4-120. 

■wBioHT,  J.  M.,  and  Nicbolls,  N.  J.     Bookworm  disease  and   miners' 

inemla  In  the  anthracite  coal  flelda.     Med.  News,  toI.  84,  Apr.  2S,  lOOi, 

ip.  T85~T88.    Dlscnases  studies  from  the  clinical  laboratory  of  the  Moses 

faylor  hoepita]. 

rw,  Baao.    Ankylostomiasis  la  Oasterrelch  and  ibre  BekimpCuiw.    19  pp. 


FITBUCATIOirS  ON  HETAL  HnTIHO. 

supply  of  the  following  publications  of  the  E 
een  printed  and  is  available  for  free  distribut 
s  exhausted.     Requests  for  all  publications  ca 

to  insure  equitable  distribution  applictints  are 
■  selection  to  publications  that  may  be  of  especia 
^quests  for  publications  should  be  addresse< 
ireau  of  Mines. 

au  of  Mines  issues  a  list  showing  all  its  pul 
•  free  distribution  as  well  as  those  obtainable  o 
tendent  of  Documents,  Qovemment  Printing  < 
the  price  of  printing.  Interested  persons  shoti 
:or,  Bureau  of  Mines,  for  a  copy  of  the  latest  1 

nuCA-nONS    AVAILABLE    FOR    FRE£    DISTKIBUTIOX. 

.  The  selection  of  explosives  used  Id  eaglDeerlng  and  m 

■ence  Hull  and  S.  r.  Hon-ell.    1914.    SO  pp.,  3  pla,  7  fl| 

.  Safety  and  efflclenc;  In  mine  tunneling,  b^  D.  W.  Bi 

1914.     271  pp..  8  pis.,  45  flgs. 

I.  Kntlonal  mine  rescue  nnd  flrst  aid  conference,  Ptttsl 

26,  1912,  br  H.  M.  Wilson.    1913.    74  pp. 

:.  Gasoline  mine  locomotives  In  relation  to  safety  and 

1  R.  H.  Kudllcb.  wltb  a  chapter  on  metbods  of  aunlyEli 

,  Burrell.    IfllB.    S4  pp„  3  pis..  27  flgs. 

i.  Rules  and  r^ulatlons  for  metal  mines,  by  W.  R.  I 

296  pp.,  1  ng. 
i.  A  primer  on  explosives  Cor  metal  miners  and  qnai 
and  Clarence  Hall.    1915.    125  pp.,  61  pis.,  17  tiga. 

I.  Abstracts  of  current  decisions  on  mines  and  mining, 
uber.  1914.  by  J.  W.  Tbompson.    191S.    176  pp. 

II.  Abstracts  of  current  declslnns  on  mines  and  mlnlnj 
1915,  by  3.  W.  Thompson.    1915.    13S  pp. 

S.  Black  damp  In  mines,  by  Q.  A.  Burrell.  I.  W.  Rob« 

191&    92  pp. 
3.  Abstracts  of  current  decisions  on  mines  and  minlui 
September.  1915,  by  J.  W.  Thompson.    1916.    124  pp. 
8.  Abstracts  of  current  decisions  on  mines  and  mlnlnj 
to  December,  1915,  by  J.  W.  Thompson.    1916.    74  pp. 
!6.  Abstracts  of  current  <Ieclsions  on  mines  and  mlulnj 
to  April,  1916,  by  J.  W.  Tompson.    1916.    90  pp. 
Papeb  4.  The  electrical  section  of  the  Bureau  of  Mint 
)ment,  by  H.  H.  Clark.    1911.    12  pp. 


PUBLI0ATI0N8  ON  METAL  MINING. 


49 


Technical  Papeb  11.  The  use  of  mice. and  birds  for  detecting  carbon  mo- 
noxide after  mine  fires  and  explosioDS,  by  O.  A.  Burrell.    1912.    15  pp. 

Tkchnical  Papeb  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A. 
Bnrrell  and  F.  M.  Selbert    1912.    16  pp.,  1  fig. 

Tkchnicai,  Paper  19.  The  factor  of  safety  in  mine  electric  installations,  by 
H.  H.  Clark.    1912.    14  pp. 

Technical  Papeb  SO.  Mine-accident  prevention  at  Lalce  Superier  iron  mines, 
by  D.  E.  Woodbrldge.    1913.    88  pp.,  9  figs. 

Technical  Paper  58.  Action  of  acid  mine  water  on  the  insulation  of  elec* 
trtcal  conductors,  a  preliminary  report,  by  H.  H.  Clark  and  L.  C.  Ilsley.  1913. 
26  pp..  1  fig. 

Technical  Paper  59.  Fires  in  Lake  Superior  iron  mines,  by  Edwin  Hlgglns. 
1913.    34  pp.,  2  pis. 

Technical  Paper  02.  Relatire  effects  of  carbon  monoxide  on  small  animals, 
by  G.  A.  Burrell,  F.  M.  Selbert,  and  I.  W.  Robertson.    1914.    23  pp. 

Technical  Paper  07.  Mine  signboards,  by  Edwin  Higglns  and  E3dward  Steldle. 
1913.    15  pp.,  1  pi.,  4  figs. 

Technical  Paper  82.  Oxygen  mine-rescue  apparatus  and  physiological  effects 
on  users,  by  Tandell  Henderson  and  J.  W.  Paul.    1917.    102  pp.,  5  pis.,  6  flg& 

Technical  Paper  95.  Mining  and  milling  of  lead  and  zinc  ores  in  the  Wis- 
consin district,  Wisconsin,  by  C.  A.  Wright.    1915.    89  pp.,  2  pis.,  5  figs. 

Technical  Paper  103.  Organizing  and  conducting  safety  work  in  mines,  by 
H.  M.  Wilson  and  J.  R.  Fleming.    1917.    67  pp..  35  figs. 

Technical  Paper  105.  Pulmonary  disease  in  the  Joplin  district,  Missouri,  and 
its  relation  to  rock  dust  in  the  mines,  by  A.  J.  Lanza  and  Edwin  Higglns.  1915. 
48  pp.,  5  pis.,  4  figs. 

Technical  Paper  112.  The  explosibillty  of  acetylene,  by  G.  A.  Burrell  and 
G.  G.  Oberfell.    1915.    15  pp. 

Technical  Paper  122.  Effects  of  oxygen  deficiency  on  small  animals  and  on 
men,  by  G.  A.  Burrell  and  G.  G.  Oberfell.    1915.    12  pp. 

Technical  Paper  132.  Underground  latrines  for  mines,  by  J.  H.  White. 
1910.    23  pp.,  2  pis.,  7  figs. 

Technical  Paper  134.  Explosibillty  of  gases  from  mine  fires,  by  G.  A.  Bur- 
rell and  G.  G.  Oberfell.    1910.    31  pp.i  1  fig. 

Miners'  Circxtlar  5.  Electrical  accidents  in  mines,  their  causes  and  preven- 
tion, by  H.  H.  Clark,  W.  D.  Roberts,  L.  C.  Ilsley,  and  H.  F.  Randolph.    1911. 

10  pp.,  3  pis. 

Miners'  Circular  10.  Mine  flrss  and  how  to  fi^t  them,  by  J.  W.  Paul.  1912. 
14  pp. 

Miners'  Circular  11.  Accidents  from  mine  cars  and  locomotives,  by  L.  M. 
Jones.    1912.    10  pp. 

Miners'  Circular  13.  Safety  in  tunneling,  by  D.  W.  Brunton  and  X  A.  Davis. 

1913.  19  pp. 

Miners'  Circular  17.  Accidents  from  falls  of  rock  and  ore,  by  Edwin  Higglns. 

1914.  15  pp.,  8  figs. 

Miners'  Circular  18.  Notes  on  miners'  carbide  lamps,  by  J.  W.  Paul.    1915. 

11  pp. 

Miners'  Circular  19.  The  prevention  of  accidents  from  explosives  in  metal 
mining,  by  Edwin  Higglns.    1914.    10  pp.,  11  figs. 

Miners'  Circular  23.  Elementary  first  aid  for  the  miner,  by  W.  A.  Lynott 
and  D.  Harrington.    19ia    24  pp.,  19  figs. 

Rescue  and  recovery  operations  in  mines  after  fires  and  explosions,  by  J.  W. 
Paul  and  H.  M.  Wolfiin.    1910.    109  pp. 


I 


I: 


,T  MIKB8  OP  MOTHEB  LOD 


of  Mds[nr  and  kaolin  In  the 
113.  170  pp.,  16  pU..  12  figs,  i 
leclsloos  on  mines  and  mining 
n.  IftlS.  82  pp.  10  cents, 
eclatona  on  mines  and  mining, 
1914.  140  pp.  20  cents, 
statntes  annotated,  by  J.  W.  ' 
separately.    Clotb.  12.50  per  s 

ig  of  copper  ore  at  Santa  Rita 
an.    1916.    122  pp.,  10  pis..  21 

and  tlielr  concentration,  witb 
V.  Horton.    1916.    132  pp.,  18  ] 

opmaot  of  gold  dredging  to  M* 
kcer-mlnlng  ntetboda  and  opera 
.,  Iflg.  SO  cents, 
leclslons  on  mines  and  mining 
hompaon.  1917.  72  pp.  10  c 
itemmlng  on  tbe  effldenc?  of  t 
1912.  20  pp.,  11  figs.  5  cents. 
>rellmlnaiT  study,  by  O.  S.  Rl 

li  mlne-rescne  breathing  hppa 

i  treatment  of  lead  and  sine  o 
ort,  by  C.  A.  Wright.    1913. 

Committee  on  Reauacltatton  f 
oaepb  Erlanger,  Yandell  Hendt 

ire  of  mine-rescne  breathing  i 

le-reseue  and  Orst-ald  field  ca 


INDEX. 


A. 

Page. 
Accidents  in  mines,  relation  of  tran- 
sient labor  to 29 

Acid  mine  water,  effect  on  hookworm.         23 
Alkaiine  mine  water,  effect  on  hook- 
worm           23 

American  workers  in  mines,  dura- 
tion of  employment  of 28 

hookworm  infection  among,  pro- 
portion of 32,83 

proportion  of 33 

Austrian  workers  in  mines,  dura- 
tion of  employment  of 28 

hookworm  infection  among,  pro- 
portion of 82,33 

proportion  of 33 

B. 

Bibliography 45,  46 

Bosses,  duration  of  employment  of —         31 

hookworm  infection  among 19 

proportion  of 31, 32 

Bureau   of  Mines,  acloiowledgments 

to 6 

cooperation  of 3 

investigations  of 3, 6 

C. 

California    State   Board   of   Health, 

acknowledgments  to 6 

cooperation  of 43 

expenses  incurred  by , 42 

inTestigatlons  of 3, 6 

Otrmen,  duration  of  employment  of-        31 
hookworm  Infection  among,  pro- 
portion of 31, 32 

Centrifn'ge    for    fecal    examinations, 

advantages  of 38 

description  of 37,  38 

Certiilcate,  hookworm,  form'  for ■      41 

Issuance  of 41,43 

time  limit  of 42 

Chenopodium,  treatment  of  hook- 
worm disease  with,  de- 
tails of 39.  40 

results  of 40 

Coal  mines,  toilets  at • 24 

Cornwall,    England,    mines,    health 

conditions  in 23 

Costs  of  hookworm  Investigation 42 

division  of 39 

D. 

I>iagnosls  for  hookworm,  methods  of.        87 
Drainage,  mine,  as  source  of  Infec- 
tion  22,  24,  34 

care  of 33 

improvements  in 22 

recommendations  for 44 

Bee  also  Water,  mine. 
Brinklng-water    keg.      Bee     Water, 
drinking,  keg  for. 


B. 

Pago. 
Bndlcott,  K  EL,  work  of — ._-...^  5 

Feces,  specimens  of,  collection  of 36 

microscopic  examination  of.  36, 88 

methods  of 87 

results  of 9, 39 

O. 

Garbage  cans  for  underground  use, 

need  of 20, 43 

Gold  mines,  depth  of 24 

relative  Infectiousness  of 26,27 

Gunn,  Herbert,  investigation  of 6, 6 

H. 

Holidays,  Sunday,  advantages  of —  29,30 

Hookworm  disease,  diagnosis  of 37 

economic  loss  from 7,  8 

methods  of  contracting 18-24 

investigation  of 8 

scope  of 6 

prevalence  in  California 6,6 

publications,  on  recommendations 

for 44 

time  losses  through .. 7,8 

'Hookworm  eggs,  life  of 18,23 

Hnmld,    mine,    hookworm    Infection 

in 25, 26 

I. 

Industrial  Accident  Commission  of 
California,  acknowledg- 
ments to 6 

Investigations  of 8,  6 

Italian  workers  In  mines,  duration 

of  employment  of 28 

hookworm  infection  among,  pro- 
portion of 82, 83 

proportion  of 33 

L. 

Labor  in  mines,  transient,  disad- 
vantages of 28,29 

relation    of,    to    hookworm 

infection 84 

remedies   for 29,80 

Ladders,  mine,  as  means  of  hook- 
worm  Infe^on 19 

Levant  mine,  Cornwall,  health  con- 
ditions in 23 

M. 

Manouvriez,  A.,  cited 23 

Microscopic    examinations,    methods 

of 87,88 

Mine  cars,   as  means  of  hookworm 

infection 17 

Mine  operators,  acknowledgments  to-  6 

cooperation  of 6 

recommendations  to 43 

51 


i 


'! 


'■■1 

I  1 


BslletiQ  140 

DEPARTMENT  OF  THE  INTERIOR 

PRANKUN  K.  LANK.  SBcmsTAay 

BUREAU  OF  MINES 

VAN.  H.  UANNINQ,  DiBBCTOK 


OCCUPATIONAL  HAZARDS  AT  BLAST-FURNACE  PLANTS 
AND  ACCIDENT  PREVENTION 

BASED  ON   RECORDS  OP  ACCIDENTS  AT  BLAST 
FURNACES  IN  PENNSYLVANIA  IN  1815 


FREDERICIT  H.  WILLCOX 


he  Bureaa  of  Mtnes,  Id  curylnR  ont  one  of  the  provlslonB  of  Its  o 

-to    ilissemlnate    InfurraatloD    (-oui'erulag    luvestlgations    made — pri 

ted  free  edltloo  of  each  of  Its  publications. 

'hen  thlB  edition  Is  exhausted  copies  me;  be  obtained  at  cost  prlc 

>ugh  the  Superintendent  of  Docaments.  Oovemment  Printing  Office, 

on,  D,  C. 

tie  Superintendent  of  Documents  i*  ttot  an  official  of  the  Bureau  of 

office  1b  entirely  separate,  and  he  should  be  addressed : 

SUPBBIHTIItDERT  OF  DOCUKKHTS, 

Oovemment  Printing  Office, 
Wathtngton,  D. 

be  general  law  under  which  pnbllcatlona  are  dlBtrlbated  prohibits  tl 
of  more  than  one  copy  of  a  publication  to  one  persoa. 
tte  price  of  this  pnbllcatltHi  Ig  80  centik 


FintemioiL    November,  19n. 


CONTENTS. 


Pace. 

Preface,  by  P.  G.  Cottrell 1 

iDtroduction 8 

Acknowledgments 4 

Development  of  the  modern  blast-furnace  plant 4 

Results  of  seeking  high  tonnage 4 

Advances  in  blast-furnace  practice 6 

Application  of  power  and  handling  machinery 7 

Changing  character  of  labor 9 

Significance  of  present  type  of  blast-furnace  laborers 10 

Geaeral  character  of  blast-furnace  accidents 10 

Review  of  blast-furnace  accidents  in  Penifsylvania  in  1915 12 

Car  dumper  and  transfer  car 12 

Gar-dumper   meclianism 12 

Railroad  equipment 13 

Injuries  in  hand  labor 13 

Ore  yard  and  ore-bridge  crane i 15 

Falling  and  flying  material,  falls  of  workers,  and  miscellaneous 

accidents 17 

Trestles 18 

Falls 18 

Falling  and  flying  objects 19 

Hand  labor  or  hand  tools 20 

Railroad  equipment 22 

Miscellaneous  trestle  accidents 23 

Stock  house 23 

Skip  pit  and  hoists ^ 27 

Furnace  top 30 

Work  inside  furnace  and  on  furnace  shell — ^ 33 

The  furnace  front 37 

Bustle  pipe  and  tuyfires 37 

Cinder  notch 41 

Tapping  hole 42 

Infrequent  tai^ing-hoIe  accidents ; —  45 

Accidents  connected  with  opening  of  tapping  hole 47 

Trough  and  cinder  fall 51 

Runners 54 

Lifting  shutters 56 

Other  cast-house  accidents. « 60 

(m) 


IV  CONTENTS. 

Beyle w  of  blast-furnace  accidents  In  Pennsylvania  In  1915 — Continued.  page. 

Disposal  of  slag,  flue  dust,  and  iron 6*2 

Flue-dust  disposal 62 

Slag  disposal , 61 

Iron  dock 67 

Cranes i 67 

Falls  of  persons . 68 

Falling  and  flying  material 68 

Hand  labor 68 

Pig  machine,  ladle  house,  and  sicull  drop 69 

Pig  machine 69 

Ladle  house , 73 

Skull  drop 76 

Gas-main  system,  gas  cleaning,  and  stoves 77 

Qas-main  system 77 

Stoves 79 

Qas-fired  boiler  house ^ 8S 

Blowing  room 88 

Shops  iC 

Yards 94 

Tracks 97 

Bailroads 100 

Walks,  pavements,  sewers,  and  ditches 102 

Handling  brick  and  cement 104 

Piling  of  brick 104 

Piling  of  cement 104 

Miscellaneous  accidents  around  blast  furnace 105 

General  remarks 109 

Tabulated  data 110 

Placing  of  responsibility  for  accidents 118 

Difficulties  Involved 118 

Classification  of  blast-furnace  accidents  according  to  responsibility—  119 

Character  and  value  of  principal  blast-furnace  safeguards 121 

Me^ns  of  accident  prevention 131 

Belative  values  of  different  measures 131 

Plans  for  paying  bonuses 13- 

Instrmctlon  of  men  and  lectures 132 

Signs,  cleanliness,  and  lighting 133 

Accidents  and  accident  prevention  as  related  to  the  employee 134 

Loss  of  time 134 

Discipline . LV» 

Use  of  intoxicants 136 

Attitude  of  foremen ^ 136 

Physical  examination 137 

Belative  hardship 137 

Safety-committee  work 138 

Importance  of  safety  committee 138 

Safety  committee  at  a  small  plant 138 

Outline  of  follow-up  work 140 

Need  of  reporting  minor  Injuries 142 

Glossary 144 

Publications  on  metallurgy 148 


OOKTEKTS. 

TABLES- 
TABLE  L  Detailed  data  on  blast-furnace  accidents  in  Pennsylvania  in 

1915 110 

2.  Data  regarding  duration  of  injuries 116 

8.  Sununary  of  data  regarding  causes  of  accidents  and  duration 

of  injuries 116 

4.  Summary  of  data  regarding  location  of  accidents —.      117 


ILLUSTRATIONS. 


Plate  I.  A,  Car  dumper  with  guarded  platform  at  hopper  and  at  sheave 

wheels ;  B,  Ore  bridge  equipped  with  safeguards 16 

II.  A,  Steel  platform  at  ore-bin  chutes,  for  safety  of  men  filling 
ore  buckets;  B,  Blast-furnace  trestle,  showing  grating  be- 
tween walk  and  rail  girder 18 

III.  Ay  Skip  incline  covered  on  bottom;  B^  Sldp  incline  adequately 

protected 30 

IV.  Ay   Safety   arrangement   for   elevator  used   in   relining  blast 

furnaces;  B,  Safest  way  to  work  on  side  of  building 34 

y.  A,  Hanging  bulkheads  made  of  railroad  ties,  completely  in- 
closing hearth  jacket  during  blasting  of  a  salamander;  JS, 

Cast  house  and  furnace  bosh 36 

VI.  Ay  Cinder  shield   in  elevated  position;   B,   Automatic   water- 
cooled  bottling  machine  in  position 42 

VII.  Ay  Mud  gun  equipped  with  bell-shaped  nozzle  and  steel  splash- 
guard  ;  By  Shield  for  use  in  drilling  tapping  hole 46 

VIII.  Ay  Safeguards  for  pig-casting  plant ;  B,  Safety  hook  for  hoisting 

buckets;   O,  Hook  open 72 

IX.  Ay  Guard  for  stove  counterweight;  B,  Valve  lock  and  danger 

tags  for  boiler .' 80 

X.  Ay  Concrete  stair  tread ;  B,  Plate  guard  to  prevent  men  stand- 
ing between  building  and  hot-metal  car  track 86 

XI.  Aj  Crossing  gate  with  derailing  device;  B,  Handling  brick  by 
roller  conveyor  safely  and  efficiently;  C,  Car  shifter  with 

piece  of  hardened  steel  inserted  in  heel ^I      102 

Xn.  Ay  Safety  entrance  to  blast-furnace  plant ;  B,  Workman  in  dan- 
gerous position  on  car 128 

XIII.  Ay  Locomotive  crane,  showing  guards;  B,  Guards  over  friction 

pulleys  and  gears  on  ore  pockets , 129 

XIV.  Ay  Guarded  platform  and  stairway  from  crane  cab  to  bridge; 

B,  Counterweighted  doors  on  blast-furnace  boiler 130 

XV.  Ay  Platform  and  ladder  with  guard  plates,   on   high-tension 
junction  pole ;  B,  Wire-mesh  guard  at  oil  switch,  and  lightning 

arrester  used  at  blast-furnace  power  house 131 

XVI.  Ay  Crane  hoist,  showing  safeguards;  B,  Containers  for  woolen 

blankets  for  extinguishing  burning  clothing 132 


PREFACE. 

The  information  presented  in  this  report  is  the  outcome  of  a 
detailed  investigation  made  at  the  blast-furnace  plants  of  Pennsyl- 
vania during  the  year  1915  by  the  inspectors  of  the  department  of 
labor  and  industry  of  that  State  and  by  F.  H.  Willcox,  metallurgical 
engineer  of  the  Bureau  of  Mines.  Although  accident-prevention 
methods  have  been  in  effect  at  the  majority  of  plants  in  the  State  for 
a  considerable  number  of  years,  and  although  the  State  department 
for  several  years  has  had  its  inspectors  at  the  plants  to  examine 
plant  conditions  and  to  investigate  serious  accidents,  the  hazard  of 
blast-furnace  work,  as  indicated  by  the  insurance  rates  for  the  work- 
men, remains  among  .the  highest  of  any  of  the  industries  of  the 
State. 

It  is  hoped  that  this  detailed  review  of  the  causes,  circumstances, 
and  prevention  of  accidents  will  be  of  assistance  to  the  executive 
officials  of  the  plants  and  to  the  employees  by  making  clear  the 
responsibility  for  accidents,  by  emphasizing  the  probability  of  repe- 
tition of  many  accidents  unless  care  is  taken,  and  by  demonstrating 
the  practicability  of  safeguards,  thus  resulting  in  a  lessened  number 
of  injuries  and  fatalities. 

Though  effort  has  been  made  to  reduce  the  report  to  a  minimum, 
it  still  is  large,  and  there  is  considerable  repetition  of  discussion  of 
many  types  of  accident  as  they  occur  at  different  places  in  the  plant. 
However,  such  repetition  has  been  retained  in  the  belief  that  it  will 
serve  to  emphasize  the  importance  of  attention  to  acciden];s  that 
occur  repeatedly  and  contribute  the  greater  share  of  the  charges 
for  disability  and  compensation. 

Van.  H.  Manning, 

Director. 
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OCCUPATIONAL  HAZARDS  AT  BLAST-FCMACE  PUNTS 

AND  ACCIDENT  PREVENTION. 


By  Frederick  H.  Willcox. 


INTEODUCTION. 

In  the  past  the  blast-furnace  industry  was  under  the  stigma  of 
being  one  of  the  most  prolific  sources  of  killed  or  seriously  injured 
and  permanently  disabled  workmen  of  any  of  the  industries  of  the 
country.  In  the  popular  mind,  labor  at  blast  furnaces  was  little  less 
hazardous  than  mining,  powder  making,  or  railroad  work.  This 
impression  was  based  not  so  much  on  definite  knowledge  of  the  num- 
ber actually  injured  and  the  causes  of  injury  as  on  the  spectacular 
nature  of  the  accidents  that  from  time  to  time  were  described  in 
the  press.  As  with  a  mine  disaster  or  a  railroad  wreck  so  with  many 
furnace  accidents,  the  number  fatally  injured  in  such  accidents 
constitutes  only  a  minor  proportion  of  the  workmen  who  suffer 
more  or  less  serious  injuries.  However,  the  reader  of  the  daily  paper 
receives  a  distinct  impression  of  frightful  and  sudden  disaster  which 
is  apt  to  be  associated  henceforth  in  his  mind  with  work  at  blast 
furnaces.  It  is  true  that  in  the  past  this  impression  has  not  been 
without  warrant,  for  from  the  time  of  the  advent  of  Mesabi  ores, 
taller  furnaces,  and  faster  smelting,  which  begain  in  the  early 
nineties,  the  newspapers  have  chronicled  a  large  number  of  blast- 
furnace disasters. 

Blast-furnace  men  have  never  assumed  to  tolerate  failures  in  con- 
struction or  defective  control  of  furnaces.  But  the  admitted  hazards 
of  the  work  are  many,  and  the  slow  development  of  improvements  in 
the  construction  and  control  of  the  furnace  and  its  auxiliaries  have 
occasionally  given  rise  to  a  tendency  to  accept  as  a  part  of  the  day's 
work  not  only  the  unforeseen  and  difficultly  controlled  accidents  but 
accidents  whose  recurrence  might  be  stopped  by  the  adoption  of 

suitable  preventive  measures. 
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In  the  smelting  of  iron,  even  more  than  in  many  other  industries, 
safety  is  inseparably  related  to  efficiency  in  production,  and  the 
accidents  strictly  incident  to  work  about  the  furnace  are  propor- 
tional in  some  degree  to  the  success  with  which  obstacles  to  smooth 
working  are  overcome.  This  relation  does  not  hold,  however,  in  re- 
gard to  such  accidents  as  are  incident  to  hand  labor,  falls,  falling 
and  flying  objects,  machinery,  and  the  use  of  hand  tools. 

ACEHOWLEDOMENTS. 

'  The  author  desires  to  express  his  obligation  to  the  officials  of  fur- 
nace  plants  in  the  State  of  Pennsylvania  for  their  hearty  coopera- 
tion while  the  field  work  of  the  investigation  was  in  progress  and 
to  the  many  furnace  men  and  safety  inspectors  at  the  plants  for 
their  free  and  helpful  discussions  of  plant  difficulties  and  hazards 
and  the  methods  of  meeting  them. 

DEVELOPMENT  OF  THE  HODEBH  BLAST-FVBNACE  PLAHT. 

For  a  considerable  number  of  years  the  all-important  aim  of  fur- 
nace operators  was  tonnage.  The  reasons  for  centering  attention 
on  large  output  need  not  be  discussed.  Immense  ore  supplies,  enor- 
mous prospective  demand  for  iron,  the  cost  .of  labor,  and  the  econ- 
omies to  be  effected  by  working  on  a  large  scale  were  probably  the 
controlling  motives.  In  justification  of  their  views,  blast-furnace 
operators  can  point  to  the  high  degree  of  efficiency  developed  at  fur- 
nace plants  as  regards  application  of  power,  the  utilization  of  the 
machinery,  and  the  high  output  per  man  employed.  This  develop- 
ment, however,  was  not  well  synchronized ;  it  required  faster  work 
wRh  novel  and  dangerous  equipment,  the  handling  of  increasingly 
larger  quantities  of  bullcy  material  and  of  pmduct,  the  handling  of 
the  latter  being  peculiarly  difficult,  and  was  accompanied  by  a  change 
in  the  character  of  the  labor  supply.  Difficulties  in  furnace  operation 
were  increased  by  the  necessity  of  using  larger  and  larger  quantities 
of  increasingly  leaner  Mesabi  ores. 

BESXTLTS   OF   SEEKIKQ   HIGH   TOKKAaE. 

As  a  result  of  the  demand  for  tonnage  and  lower  smelting  costs, 
furnace  shells  were  built  increasingly  higher  and  of  larger  capacity 
and  linings  were  made  thicker  to  give  longer  service,  but  some 
details  of  furnace  design  received  inadequate  attention;  the  general 
construction  of  the  furnace  was  not  always  such  as  to  conduce  to 
security.  A  conservative  statement  would  be  that  the  mechanical 
engineer  had  usurped  the  place  of  the  furnace  engineer  and  had  de- 
veloped the  furnace  with  little  appreciation  of  the  duty  that  was  to 
be  required  of  it. 


DEYBLOPMEKT  OF  THE  MOI>EBN  BLA8T-FUBNACE  PLANT.  5 

The  use  of  Mesabi  ores  had  shown  that  mixtures  containing  them 
would  produce  frequent  slips  violent  enough  to  blow  off  the  furnace 
top.  Instead  of  providing  tops  of  sufficient  strength  to  withstand 
the  pressures  generated  by  a  slip,  reliance  was  placed  in  explosicm 
doors  to  relieve  the  pressure  developed  by  the  slip.  Inasmuch  as 
increasing  the  height  of  stack  had  led  to  larger  tonnage  with  an 
attendant  decreased  coke  consumption,  the  natural  trend  of  design 
was  to  build  higjher  and  higher  shelly  until  an  extreme  of  110  feet 
was  reached.  The  lining  of  the  shell  was  increased  in  thickness  to 
a  maximum  of  6  feet  in  order  that  the  furnace  might  be  driven 
hard  for  maximum  tonnage  without  frequent  and  annoying  delays 
for  relining. 

A  very  large  furnace,  driven  with  a  tremendous  volume  of  blast, 
having  been  evolved,  it  was  found  that  design  and  capacity  had 
for  the  time  being  gone  beyond  the  limit  of  control  of  the  fur- 
nace operators.  The  increased  height  of  the  furnaces  and  the  finer 
ores  used  led  to  slips  of  undreamed-of  violence,  to  showers  of  red-hot 
burden  from  the  explosion  doors,  and  to  blown-off  tops.  The  chan- 
neling effects  and  the  pressure  of  the  blast  and  the  irregular  work- 
ing consequent  on  slipping  rapidly  wore  out  the  lining.  Moreover, 
there  was  a  determination  to  work  the  lining  to  destruction  and  a 
disinclination  to  go  out  of  blast  until  the  point  of  absolute  failure 
had  been  reached,  because  of  the  cost  of  relining  and  the  time 
required  for  it.  Consequently  linings  were  allowed  to  become  badly 
eroded,  so  that  scaffolding  and  severe  bosh  slips  resulted.  As  the 
brickwork  of  some  boshes  was  insufficiently  tied  in  and  was  weakly 
banded,  occasional  bosh  failures  became  features  of  practice,  and 
as  the  design,  cooling  capacity,  strength,  and  brickwork  of  the 
hearth  in  many  furnaces  were  inadequate  and  faulty,  breakouts  were 
not  infrequent. 

These  conditions  are  now  a  matter  of  history,  but  their  discussion 
is  necessary  to  an  appreciation  of  the  contrast  between  the  furnace  of 
1895  and  that  of  1915.  Far  from  being  an  indictment  of  the  men  who 
engineered  the  development,  this  discussion  is  rather  a  statement  of 
the  handicaps  they  overcame.  The  past  20  years  has  covered  a  period 
necessary  to  development.  Furnace  men  to-day  reviewing  that  de- 
velopment have  not  infrequently  stated  that  during  those  days  a  strict 
application  of  "safety  first"  to  design  and  construction  would  not 
have  resulted  in  as  rapid  advancement  nor  in  the  present  degree  of 
security. 

Progress  and  courage  in  design,  based  on  the  practice  since  1895, 
have  to-day  resulted  in  furnaces  with  closed  tops  strong  enough  to 
withstand  the  pressure  from  any  slip.  There  are  still  many  furnaces 
in  which  there  is  danger  from  slips,  but  the  danger  is  being  much 
lessened  by  more  regular  driving  and  better  adaptation  of  design  to 
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the  ores,  coke,  and  blast  temperature  used.  Linings  are  made  much 
thinner  and  are  not  used  to  destruction,  although  some  thick-lined 
furnaces  remain  in  blast,  and  there  is  a  disposition  to  use  them  in 
spite  of  the  danger  of  failure,  because  of  the  time  and  expense  re- 
quired for  relining.  Bosh  breakouts  have  become  extremely  rare — 
practically  unheard  of — thanks  to  additional  strength  and  reinforce- 
ment at  each  relining  and  in  each  new  furnace.  Hearth  breakouts 
also  have  become  rare,  owing  to  better  construction  and  more  ample 
cooling,  but  occur  at  infrequent  intervals,  and  seemingly  will  persist 
because  of  the  peculiarly  combined  effects  of  blast  erosion,  the  chem- 
ical attack  of  slag  and  iron,  and  the  pressure  of  the  liquid  iron  on 
the  brickwork.  In  conceding  and  emphasizing  the  splendid  progress 
in  design  and  strength  which  in  modern  blast-furnace  plants  obviates 
most  of  the  causes  of  the  accidents  that  have  given  the  industry  a  bad 
name,  one  should  remember  that  the  influence  of  extreme  tonnage 
demands  remains  and  that  furnaces  of  antiquated  design,  though 
doing  efficient  work,  are  contributing  a  certain  proportion  of  acci- 
dents that  are  absent  in  newer  and  stronger  types. 

ADVANCES  IN  BLAST-FVENACE   PBACTICE. 

As  the  disadvantages  of  hard  driving  became  evident  to  the  men  in 
charge  of  plants  that  were  using  higher  proportions  of  Mesabi  ores 
each  year,  and  as  the  greater  regularity  and  the  economy  in  fuel  and 
in  lining  from  easier  driving  became  apparent,  there  was  a  swing  at 
many  plants  to  extremely  moderate  driving — ^'  slow  driving."  This 
tendency  was  accelerated  by  the  let-up  in  production  in  1907,  by  the 
great  increase  in  productive  capacity  of  the  country,  and  by  the 
larger  output  of  basic  iron,  it  being  more  difficult  to  produce  good 
basic  iron  than  good  iron  of  higher  silicon  content  in  a  furnace  work- 
ing irregularly,  because  of  slips.  Contemporaneously,  there  came  the 
possibility  of  using  a  hotter  blast,  because  of  the  smaller  volume  of 
blast  with  slow  driving  and  the  use  of  cleaned  gas  for  the  stoves. 

The  result  of  this  change  in  practice  in  many  plants  was  renewed 
heavy  slipping,  scaffolding,  and  other  irregularities  of  operation, 
because  the  lines  of  practically  all  stacks  were  unsuited  to  the  use  of 
higher  heat,  or  because  this  higher  heat  was  unsuited  to  the  type  of 
slag  that  had  been  made,  or  because  lines,  slag,  coke,  and  heat  were 
all  unsuited  to  each  other.  Also,  the  volume  of  the  blast  was  so 
reduced  that  it  failed  to  penetrate  the  burden  thoroughly,  but  worked 
along  the  walls,  causing  erosion  of  the  lining  and  insufficient  reduc- 
tion of  iron.  About  the  same  time  other  difficulties  were  introduced 
by  attempts  to  use  by-product  coke.  In  short,  the  attempts  at  new 
practice  gave  rise  to  almost  as  much  irregularity  in  operation  as 


ADVANCES  IN  BLAST-FURNACE  PBACTIOE.  7 

former  practice  had  caused,  so  that  furnace  accidents  persisted  to  an 
extent  that  was  lessened  only  by  improvement  in  construction. 

Within  the  period  1910-1915  much  definitely  satisfactory  progress 
was  made  in  obtaining  the  type  of  practice  sought  since  1907-8, 
namely,  the  use  of  high  heat  and  moderate  driving.  The  results 
may  be  described  as  moderately  fast  driving,  the  use  of  moderately 
high  heat,  radical  chan^fes  in  stack  lines,  and  the  production  of  a  less 
limy  slag.  A  corollary  of  this  advancement  has  been  a  marked  de- 
crease of  the  accidents  peculiarly  due  to  slips  and  other  irregulari- 
ties of  operation.  Probably  quite  as  much  significance  attaches  to 
improvement  in  practice  as  to  betterment  in  the  mechanical  design 
of  the  furnace. 

APPLICATION  OF  POWEB  AND  HANDLINQ  HACHINEBY. 

With  the  increase  in  the  capacity  of  furnaces  there  was  need  of 
more  adequate  methods  of  handling  ore,  coke,  and  limestone,  and  of 
disposing  of  iron  and  slag.  A  plant  operating  four  furnaces  requires 
each  year  about  1,000,000  tons  of  ore  all  of  which  has  to  be  unloaded 
inside  of  120  shipping  days,  so  that,  if  old  methods  were  used,  an 
average  of  170  cars  would  have  to  be  unloaded  by  hand  every  day. 
Such  a  task  was  not  easy  when  the  number  of  loaded  cars  averaged 
the  same  each  day,  and  was  rendered  extremely  difficult  by  the  occa- 
sional slackening  of  shipments  for  a  couple  of  days,  the  resulting  rusli, 
and  the  congestion  of  cars.  The  labor  supply  was  frequently  wholly 
inadequate  for  taking  care  of  such  situations,  particularly  as  some  of 
the  men  were  never  sure  of  employment  from  day  to  day,  to  say 
nothing  of  employment  in  winter,  and  were  constantly  shifting  to 
other  work. 

The  development  of  the  mechanical  car  dumper  was  necessary 
to  keep  the  furnace  running,  and  characteristically  this  appeared 
at  an  opportune  time  to  compensate  for  a  diminishing  and  un- 
satisfactory labor  supply.  The  earlier  development  of  the  ore  bridge 
or  crane  was  due  to  somewhat  sunilar  causes — ^the  impossibility 
of  handling  and  stocking  a  high  pile  of  ore  in  a  restricted  space  and 
the  difficulties  in  getting  the  ore  from  the  stock  pile  to  the  bottom  of 
the  furnace  by  barrows  or  by  steam  cranes.  Bins  for  the  ore  were  in- 
troduced about  60  years  ago.  The  larry  car,  operating  on  top  of  the 
bins,  was  a  logical  sequence  to  the  bridge,  for  it  facilitated  the  trans- 
fer of  ore  from  the  dumper  to  the  pile  or  from  the  pile  to  the  bins 
without  consuming  the  time  of  the  ore  bridge  in  runs  up  and  down 
the  trestle  to  get  from  the  stock  pile  ore  of  the  grade  desired  in  the 
bin,  which  frequently  is  some  distance  from  the  pile.  In  the  stock 
house,  a  similar  car,  equipped  with  scales,  was  a  natural  development, 
as  it  replaced  12  or  more  men  pushing  barrows  from  the  bins  to  the 
foot  of  an  elevator.    To  enable  a  small  crew  to  get  stock  from  the 
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bins,  mechanically  operated  bin  doors  and  feeders  were  installed. 
The  substitution  of  skip  inclines,  mechanically  operated  furnace  bells, 
and  automatic  dumping  was  the  last  step  in  reducing  hand  labor  in 
moving  the  ore,  and  permitted  the  number  of  laborers  to  be  reduced 
more  than  75  per  cent.  But  with  fewer  minor  injuries  because  of 
this  cutting  down  of  the  laboring  force  came  the  hazards  incident  to 
using  somewhat  Intricate  handling  machinery,  designed  primarily 
for  power  and  capacity  and  with  minor  regard  to  safety,  operated  at 
high  speed,  and  hurriedly  repaired  in  case  of  a  breakdown.  More- 
over, this  machinery  used  electric  current  obtained  from  trolley 
wires  or  third  rails,  in  some  places  inadequately  guarded  and  often 
placed  with  too  little  regard  for  inaccessibility  from  accidental  or 
careless  contact. 

As  the  coke  and  the  limestone,  as  well  as  some  of  the  iron-bearing 
by-products  were  unloaded  on  the  trestle  by  hand,  some  of  the  meu 
were  subjected  to  the  risk  of  being  hit  by  material  dropping  from  the 
ore  bridge,  or  of  being  struck  by  the  larry  car  running  up  and  down 
along  the  bins,  as  well  as  to  the  added  hazards  of  operating  and  oil- 
ing the  machinery  and  those  peculiar  to  hurry-up  repair  jobs  that 
were  frequent  because  the  machinery  was  not  perfectly  developed. 

Progress  in  the  blowing  and  power  equipment  and  water-supply 
pumps  had  to  keep  pace  with  tonnage  demands,  but  was  attended 
with  fewer  accidents  than  was  the  development  of  other  equipment. 
One  reason  was  that  similar  machinery  was  being  developed  in  other 
industries  and  was  better  standardized  than  ore-handling  equipment; 
another  reason  was  that  the  workmen  operating  such  machinery  were 
more  skillful  and  intelligent.  A  new  appliance,  the  gas  engine,  added 
to  the  complication  of  handling  the  gas. 

The  cast  house  with  its  beds  of  chills  or  molds  proved  expensive 
and  inadequate  for  handling  large  outputs.  The  invention  of  the  pig- 
casting  machine  and,  at  steel  plants,  the  carrying  of  the  moltemnetal 
in  track  ladles  to  the  mixer  eliminated  the  casting  beds.  Trap 
ladles  were  also  introduced  to  remove  the  molten  cinder  instead  of 
running  it  on  cooling  beds  and  then  forking  it  into  cars,  or  the 
cinder  was  run  into  a  granulating  pit  and  then  removed  with  a  crane. 

The  place  of  least  change  has  been  immediately  about  the  blast 
furnace  where  the  hand  tools  of  the  seventies  and  the  same  hard 
and  trying  work  are  still  evident,  but  invention  and  better  practice 
have  obviated  many  of  the  severe  tasks  and  dangerous  risks.  Steam, 
air,  or  electric  drills,  electric  and  oxygen  burners,  cast-iron  skimmers^ 
and  clay  guns  are  among  the  outstanding  improvements  about  the  fur- 
nace. Improvements  in  the  stoves,  have  little  effect  in  complicating 
operation,  as  the  improvement  has  been  in  size  and  in  lining,  but  the 
gas-main  system  with  its  growing  intricacy  of  washing  equipment 
and  of  connections  has  demanded  adequate  control  and  skilled  super- 
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Tision,  especially  on  stops,  blowing  in,  or  blowing  out.  A  patented 
method  of  applying  steam  to  gas  systems  has,  however,  lessened  the 
hazard  of  explosions  in  such  systems. 

CHAKGIKG  CHABACTEB  OF  ULBOB. 

The  development  of  mechanical  appliances  and  the  essentially 
dirty,  hot,  and  rough  nature  of  much  of  the  work  have  caused  a 
change  in  the  character  of  the  laborers  at  blast-furnace  plants.  For 
30  years,  in  all  but  a  few  localities,  American-bom  workmen  have 
steadily  decreased.  The  predominating  nationality  has  changed 
from  time  to  time,  but  laborers  from  the  most  recent  immigration 
have  always  been  the  predominating  element  at  blast  furnaces.  The 
increasing  use  of  machinery  requires  more  skilled  workmen,  but 
ordinary  laborers  must  still  do  hard,  rough  work,  such  as  handling 
material,  shoveling,  and  pushing  wheelbarrows. 

Labor  of  the  next  higher  order  is  needed  for  such  work  as  clean- 
ing stoves,  cleaning  iron  ladles,  dumping  cinder  ladles,  working 
about  the  pig  machine,  and  cleaning  and  making  up  iron  runners 
and  cinder  runners.  By  « making  up "  runners  is  meant  claying, 
grouting,  or  sanding  the  cleaned  runner  preparatory  to  the  next 
cast,  adjusting  the  gates,  and  warming  cold  or  wet  spots.  From  these 
jobs  men  are  promoted  to  more  responsible  duties.  They  become 
stove  tenders,  keepers,  or  water  tenders;  are  put  in  charge  of  the 
simpler  machinery,  such  as  pig  machines  or  charging  cars;  oil  and 
wipe  in  the  engine  room;  or  work  in  the  millwright,  rigging,  or 
pipe-fitting  gangs. 

All  of  these  jobs  involve  laborious,  fast,  hot,  or  hazardous  work; 
much  of  it,  in  the  opinion  of  many  operators,  demands  men  of 
stolid  and  phlegmatic  nature  who  can  be  easily  controlled  by  shift 
foremen,  and  accept  hard  or  trying  work  without  protest. 

In  the  past  a  man  who  was  temporarily  disabled  by  an  accident 
usually  had  to  accept  his  loss  of  time  and  income  with  no  recom- 
pense from  his  employer  or  the  State.  Although  this  condition  ex- 
isted in  practically  all  industries,  it  bore  more  heavily  on  furnace 
men  than  on  those  in  many  other  occupations,  because  of  the  greater 
hazards  at  blast-furnace  plants. 

Other  factors  tending  to  discourage  more  intelligent  men  from 
taking  up  blast-furnace  work  have  been  the  prevalence  of  the  seven- 
day  week,  which  is  more  characteristic  of  blast-furnace  plante  than 
of  other  iron  and  steel  operations ;  the  low  wages,  the  average  wage 
being  lower  than  in  any  other  branch  of  the  industry ;  and  the  fluc- 
tuating production.  The  last  involved  the  certainty  that  at  recur- 
rent periods  the  bulk  of  the  furnace  force,  except  the  most  skilled, 
would  be  out  of  work  or  would  have  to  accept  jobs  with  diminished 
pay. 
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It  is  a  matter  of  record  that  the  working  conditions  mentioned 
have  been  unattractive  to  American-bom  workmen,  and  as  condi- 
tions improved  and  as  immigrants  from  the  British  Isles  and  Ger- 
many decreased,  the  operators  were  forced  to  employ  other  men. 
As  the  number  of  Poles,  Slavs,  Italians,  Magyars,  and  men  from 
the  Balkan  States  entering  the  labor  gang  and  working  up  into  the 
furnace  and  other  crews  increased,  both  the  older  hands  and  recent 
immigrants  from  northern  Europe  declined  to  seek  employment 
among  them.  This  racial  antagonism  worked  in  other  ways;  strikes 
by  employees  sometimes  caused  a  complete  change  in  the  character 
of  the  force,  English-speaking  stockhouse  men,  riggers,  and  crane 
runners  being  replaced  by  men  from  southern  Europe. 

One  result  of  such  ^changes  in  the  character  of  the  labor  has  been 
to  make  accident  prevention  more  difficult.  Only  5  to  10  per  cent  of 
the  immigrants  from  southern  and  southeastern  Europe  have  come 
from  manufacturing  industries,  as  against  40  per  cent  of  the  earlier 
immigrants.  About  70  per  cent  of  the  recent  inmiigrants  were 
farmei's.  Their  speech  includes  many  different  languages  or  dialects 
of  the  same  language,  and.  they  may  be  so  divided  by  racial  antipathy 
as  to  lose  common  interest  and  fellow  feeling.  Frequently  50  per 
cent  can  not  speak  English,  though  they  conmionly  understand  a 
few  terms  used  in  directing  the  work. 

SIGNIFICANCE  OF  FBESENT  TYPE  OF  BLAST-FXTBNACE  I<ABOB£BS. 

Thus  instruction  by  signs  and  books  of  rules  becomes  most  difficult, 
and  it  is  always  questionable  whether  workmen  understand  each 
other  or  the  instructions  of  their  foremen.  It  may  happen  that 
they  fail  to  heed  a  cry  of  warning  when  quick  action  is  needed  to 
escape  some  sudden  dan«r  t,  particularly  when  the  danger  is  obscure 
or  not  self-evident.  This  language  handicap  of  the  new  men,  their 
unfamiliarity  with  the  dangers,  their  ignorance  of  the  equipment 
with  which  they  must  work,  coupled  possibly  with  less  alertness, 
render  them  peculiarly  liable  to  injury. 

It  is  only  to  be  expected,  therefore,  that  a  large  number  of  acci- 
dents will  result  fron»  employing  such  men  in  work  involving  the 
moving  of  large  quantities  of  material,  the  handling  of  great  vol- 
umes of  poisonous  and  explosive  gases,  the  use  of  blast  at  high 
temperatures  and  pressures,  the  pouring  of  fluid  iron  and  cinder, 
and  the  operation  of  novel  machinery. 

OENEBAL  CHARACTEB  OF  BLAST-FirBNACE  AC0IDEHT8. 

As  is  pointed  out  on  later  pages,  most  of  the  accidents  discussed 
in  this  report  did  not  result  from  some  exceptional  disaster,  such  as 
a  slip,  breakout,  or  explosion,  but  arose  from,  a  variety  of  causes 
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which,  except  for  hot-metal  and  cinder  burns,  are  found  in  opera- 
tions not  essentially  typical  of  blast-furnace  work,  although  of  neces- 
sity connected  with  it.  The  difficulty  introduced  by  the  employ- 
ment of  men  from  southern  Europe  is  not  essentially  different  from 
timt  in  other  industries  in  which  rough  unskilled  labor  is  usually 
done  by  such  men. 

Thus  the  subject  of  accident  prevention  about  blast-furnace  plants 
is  not  as  unique  as  many  persons  have  believed  it  to  be.  Because  of 
the  complexity  of  the  smelting  process  there  is  great  possibility  of 
danger  to  many  men  should  one  man  ignorantly  blunder  or  be  neglect- 
ful in  performing  his  duties.  Consequently  the  rarity  of  disastrous 
accidents  attributable  to  the  fault  of  the  furnace  force  speaks  much 
for  the  skill,  intelligence,  and  resourcefulness  of  the  men  who  comprise 
that  force,  drawn,  as  they  are,  from  material  seemingly  so  unpromis- 
ing. It  suggests  that  the  members  of  that  same  force  can  acquaint 
themselves  with  and  protect  themselves  against  the  hazards  of  their 
work,  in  any  occupation  a  man  assumes  more  or  less  risk,  and  in 
working  at  a  blast  furnace  he  assumes  a  risk  that  is  rated  by  insur- 
ance companies  as  among  the  highest.  Whether  the  risk  at  the 
place  where  a  man  is  employed  about  the  furnace  is  small  or  great, 
he  should  know  of  it  and  be  able  to  take  special  care  to  avoid  it. 

Even  though  he  is  compensated  for  injuries  lasting  more  than  14 
days,  the  burden  of  financial  loss  falls  chiefly  on  the  workman,  for 
the  majority  of  accidents  cause  a  loss  of  time  less  than  the  minimum 
compensation  period,  and  consequently  a  complete  loss  of  wages.  No 
blast  furnace  can  run  without  making  some  offgrade  iron;  similarly, 
accidents  must  be  expected.  However,  there  is  no  more  necessity  for 
an  accident  rate  of  250  per  1,000  men  than  there  is  for  a  production 
of  25  per  cent  of  offgrade  iron,  and  the  inherent  risks  are  great 
enough  without  the  workmen  being  ignorant  of  the  nature  and  causes 
of  the  common  accidents. 

Practically  every  accident  about  a  furnace  is  a  repetition  of  a 
similar  accident  at  the  same  plant  or  at  other  plants.  A  large  pro- 
portion of  these  accidents  can  be  avoided  by  the  exercise  of  ordinary 
skill  and  prudence,  provided  the  men  are  thoroughly  acquainted  with 
the  causes  of  the  accidents  and  the  hazards  of  their  occupation.  A 
smaller  proportion  of  blast-furnace  accidents  occur  through  the  fault 
of  the  employer,  being  due  to  lack  of  safeguards,  deficient  equipment, 
and  failure  to  give  proper  instructions,  but  even  in  these  accidents 
many  injuries  may  be  avoided  by  pointing  out  the  hazards  and  in- 
sisting on  carefulness.  Many  accidents  are  ascribable  to  the  trade 
risk,  but  a  knowledge  of  their  character  enables  workmen  to  antici- 
pate in  some  degree  the  possibility  of  such  accidents  and  to  exercise 
a  greater  control  over  their  occurrence. 
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nr  1916. 

To  afford  information,  accidents  during  1915  at  blast-furnace 
plants  in  Pennsylvania  are  comprehensively  discussed  in  the  section 
following;  mention  is  also  made  of  characteristic  but  rarer  accidents 
not  brought  out  by  this  review.  The  discussion  should  show  each 
man,  as  well  as  the  employer,  the  causes  responsible  for  accidents 
in  his  occupation.  On  the  theory  that  what  has  happened  shows 
what  may  happen  or  will  happen,  the  value  of  this  report  should  lie 
largely  in  the  remedial  action  suggested.  To  increase  the  value  of 
the  report  the  preventive  measures  used  by  various  companies  in  the 
State  are  mentioned. 

In  the  review  following  the  accidents  have  been  classified  accord- 
ing to  the  place  in  the  plant  where  they  occurred.  They  have  been 
further  subdivided  according  to  causes. 

In  the  descriptions  of  accidents  the  seriousness  of  the  injuries  is 
designated  by  letters,  as  follows : 

A.  Injury  resulting  in  death. 

B.  Injury  causing  disability  of  more  than  30  days. 

C.  Injury  causing  disability  of  more  than  14  days  and  less  than 
81  days. 

D.  Injury  causing  disability  of  more  than  2  days  and  less  than  15 
days. 

CAB  DTTMPBB  ASSTD  TKAKSFEB  CAB. 

The  hazards  at  this  equipment  consist  chiefly  of  injury  from  the 
mechanism  of  the  dumper,  from  railroad  equipment,' and  of  these 
injuries  that  are  encountered  in  hand  labor  and  where  hand  took 
are  used. 

CAR-DUMPER    MECHANISM. 

The  injuries  caused  by  car-dumper  mechanism  are  mostly  encoun- 
tered in  stepping  on  or  off  the  car-dumper  cradle  while  it  is  in 
motion.    Examples  follow: 

1.  (^,flrd  boy,  after  removing  rard  from  car,  Jumped  from  the  cradle  after 
the  operator  had  started  hoisting  and  was  thrown  from  framework  of 
dumper.    D. 

2.  Brakeman  stepped  on  cradle  while  it  was  still  going  down,  to  climb  on 
empty  car.  He  slipped,  feU,  and  was  caught  beneath  the  down-movio? 
cradle.     O. 

12 
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RATLROAD  BQUIPHENT. 

Railroad  equipment  at  car  dumpers  causes  serious  injuries,  as  is 
shown  by  the  following  examples. 

L  Gar  rider  was  dropping  car  down  incline  from  dumper;  brake  did  not 
work,  and  man  was  thrown  beneatli  car  when  it  strudc  the  empties.    A. 

2.  Temporary  car-dumper  man  was  standing  at  cradle  to  adjust  coupler  on 
empty,  when  a  new  car  was  pushed  up  on  cradle,  knocking  man  down  and 
running  over  his  body.    A. 

8.  Laborer  was  cleaning  track  at  car  dumper  when  transfer  car  struck  him, 
amputating  arm.    A. 

4.  Laborer  was  in  car  cleaning  ore  out  when  empty  from  dumper  struck  car, 
causing  man  to  fall  through  door.    D. 

5.  BrakemAn  Jumped  from  moving  car  he  was  dropping  from  dumper  and 
fell  beneath  trucks.    A. 

INJURIES  IN   HAND  LABOR. 

The  majority  of  injuries  are  to  be  found  in  hand  labor  and  allied 
occupations.  The  seriousness  of  the  injuries  is,  hpwever,  relatively 
slight,  as  compared  with  those  received  from  railroad  and  car- 
dumper  equipment,  as  the  following  examples  show. 

1.  Laborer  was  standing  on  plank  over  larry  bin  and  barring  sticky  ore 
from  bin  into  larry  car.  Slide  of  ore  caught  bar,  threw  him  off  balance,  and 
he  fell  into  chute.    B. 

2.  Laborer  turned  ankle  in  stepping  on  rail.    D. 

3.  End  door  of  car  fell  on  laborer's  foot.    D. 

4.  While  men  were  throwing  ore  cleanings  from  one  car  to  another,  man 
passed  between  cars  and  was  struck  on  foot  by  lump  of  ore.    0. 

5.  Infection  of  eye  due  to  neglect  to  have  dust  removed.    D. 
e.  Laborer  allowed  tie  to  drop  from  his  hands  onto  his  foot    B. 

7.  Laborer  Jammed  fingers  between  Jack  and  third  rail.    D. 

8.  Laborer  struck  foot  with  pick.    D. 

0.  Laborer  was  cleaning  ore  from  car  while  It  was  held  inverted  on  cradle; 
lump  fell  from  car  onto  his  knee.    O. 

10.  Lineman  was  repairing  electric  switch ;  screw  driver  slipped  and  cause<l 
electric  flash  by  short-circuiting  switch  poles.    D. 

Regarding  accident  10,  work  on  a  switch  should  not  be  undertaken 
antil  the  fuses  are  removed  from  the  lines  and  the  switch  is  dead. 
In  addition  the  screw  driver  should  be  kept  wound  with  adhesive 
tape  down  to  the  bit,  in  order  to  prevent  short  circuits  should  the 
tool  slip  when  used  on  uninsulated  switches. 

A  little  less  than  half  the  men  injured  abopt  the  car  dumper  had 
been  employed  there  less  than  six  months,  and  ignorance  of  the 
hazard  of  the  work  and  lack  of  skill  may  have  been  responsible  for 
the  injuries  to  these  members  of  the  force.  As  will  appear  repeatedly, 
however,  and  as  indicated  here,  the  relative  number  of  experienced 
and  inexperienced  men  injured  does  not  show  that  with  hand  labor 
and  hand  tools  familiarity  with  the  work  offers  any  pronounced 
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likelihood  of  fewer  injuries.  As  will  become  evident,  personal  cau- 
tion and  sldll,  which  will  be  acquired  under  supervision  in  six 
months  almost  as  well  as  in  six  years  without  supervision  for  their 
development,  are  requisite  for  preventing  these  accidents. 

For  men  employed  about  the  dumper  and  as  car  riders,  the  advan- 
tage of  experience  is  more  marked.  Barring  ore  in  bins  requires 
some  experience  or  special  instruction  to  avoid  getting  hurt  when 
the  bar  is  caught  in  a  slide  of  ore.  More  care  is  needed  in  selecting 
men  to  drop  cars  from  car  dumpers  and  in  work  about  dumper 
cradles.  If  men  accustomed  to  railroading  can  not  be  employed,  then 
those  selected  for  the  work  should  be  able  to  size  up  a  dangerous 
situation  quickly  and  to  take  the  steps  necessary  to  avoid  injury,  and 
also  should  be  able  to  acquire  the  skill  necessary  for  work  about  mov- 
ing cars. 

Getting  on  and  off  car-dumper  cradles  while  they  are  in  motion  is 
usually  forbidden,  but  is  often  practiced  by  employees  and  ignored 
by  foremen,  especially  when  work  is  rushed  to  avoid  demurrage 
charges  on  cars.  The  accidents  described  show  the  danger  of  the 
practice,  and  also  the  danger  in  making  a  rule  and  then  allowing  it  to 
become  a  dead  letter,  thereby  bringing  other  rules  into  disrepute  or  at 
least  tempting  employees  to  disregard  them  at  their  discretion.  To 
warn  men  whose  duties  take  them  on  the  dumper  cradle  out  of  sight 
of  the  dumper  operator,  some  plants  place  a  gong  in  a  convenient 
place,  by  which  the  operator  may  be  signaled  when  the  man  is  clear 
of  danger.  The  men  concerned  are  commonly  the  car  boy,  the 
brakeman  who  "sprags"  the  car,  or  the  brakeman  who  adjusts  the 
couplings.  The  cradle  is  not  operated  nor  are  cars  brought  on  the 
dumper  until  the  operator  knows  that  the  men  are  out  of  danger. 
Work  about  railroad  equipment  is  admittedly  hazardous  and  when 
coupled  with  the  operation  of  a  car  dumper  may  become  more  so 
than  usual. 

In  cleaning  cars  after  they  are  dumped  there  are  two  practices:  (1) 
The  cars  are  cleaned  while  in  the  dumper  and  inverted  over  the  larry- 
car  bin.  To  accomplish  this  most  safely,  a  substantial  platform  with 
railings  and  high  toeboard  toward  the  dumper  is  recommended.  A 
variation  of  this  method  is  to  clean  the  cars  from  the  cradle  itself, 
•while  it  is  tipped  over  the  ore  yard,  but  this  method  subjects  the  men 
to  the  danger  of  falling  lumps  of  ore  and  in  "  rush  "  work,  the  oper- 
ator is  apt  to  start  the  cradle  back  before  the  men  are  off,  the  car 
cleaners  stepping  from  the  cradle  to  the  cab  platform  while  the  cradle 
is  tilting  back.  (2)  A  better  plan,  if  the  dumper  operates  along  stock- 
yard walls,  is  to  clean  the  cars  after  they  leave  the  dumper.  If  the 
yard  is  large  enough  for  spur  tracks,  the  cleaning  should  be  done  on 
the  spur  after  it  is  filled,  no  empties  being  allowed  to  bump  into  the 
cars  being  cleaned.    If  only  one  track  leads  from  the  dumper,  the  car 
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cleaners  should  never  work  in  the  first  six  cars  next  to  the  dumper, 
and  the  farther  back  they  work  the  better,  as  they  are  warned  by  the 
noise  of  the  first  bump  to  hold  tight  before  the  shock  reaches  the 
car  they  are  in.  The  brake  of  the  last  one  or  two  cars  of  the  string 
bhould  be  set  up  to  retard  the  kick.  If  men  are  available,  it  is  better 
to  shovel  the  ore  over  the  side  of  the  car,  rather  than  to  open  the  drop 
doors,  the  shovelers  thus  being  safe  from  falling  through  the  doors 
and  possibly  being  run  over.  Ample  side  clearance  should  be  pro- 
vided for  car  riders  to  jump  from  moving  cars,  and  enough  men 
should  be  provided  so  as  not  to  require  one  man  to  adjust  the  coupler 
and  to  "  sprag "  the  cars. 

Ore  transfer  cars  should  be  provided  with  an  effective  warning 
signal.  Electric  horns  have  been  used,  but  they  do  not  appear  to  be 
as  effective  as  anticipated,  because  their  sound  is  obscured  by  mill 
noises  more  than  is  a  whistle.  A  2-inch  air  whistle  with  a  distinctive 
sound  is  probably  the  most  effective  warning.  Gongs  are  not 
especially  suitable  for  transfer-car  service.  Fenders  that  will  lift  a 
man  from  the  rails  and  push  him  aside  should  also  be  provided  at 
both  ends  of  a  larry  or  transfer  car-  There  is  pronounced  need  for 
the  design  of  improved  fenders  for  larry-car  equipment,  as  practi- 
cally all  in  use  are  more  likely  to  mangle  the  man  struck  than  to 
ward  him  off. 

A  car  dumper  with  ^  guarded  platform  at  the  hopper  and  at  the 
sheave  wheels  is  shown  in  Plate  I,  A, 

QBE  YA&D  Ain>  OBE-BBIDGB  CBANE. 

The  hazard  encountered  at  the  ore  yard  and  the  ore  bridge  lies 
largely  in  the  operation,  maintenance,  and  repair  of  the  electrical  and 
mechanical  equipment. 

1.  Employee  was  descending  ladder  on  leg  of  ore  bridge  when  adjacent  bridge 
tinmped  into  It,'  catching  man  between  two  cranes.    B. 

2.  Electrician  making  repairs  to  hoist  motor  kept  hand  on  shaft  when  sig- 
naling operator  to  hoist,  and  hand  was  drawn  into  mechanism.    B. 

Z.  Ore-bridge  operator  was  turning  down  grease  cup  on  hoist  while  It  was  In 
operation  and  sheave  wheel  caught  glove,  drawing  arm  Into  mechanism.    B. 

4.  Millwright  was  making  hitch  when  craneman  raised  a  little  on  hoist, 
catching  finger.    B. 

5.  Laborer  attempted  to  dislodge  a  lump  of  ore  from  the  Jaws  of  a  bucket, 
when  the  jaws  closed,  crushing  hand.    B. 

6.  Transfer-car  man  was  attempting  to  straighten  up  ball  attached  to  ore 
backet  when  the  ball  fell  onto  legs.    B. 

7.  Hooker-oD,  attaching  hook  to  ore  bucket,  kept  hand  on  ball  as  bucket  was 
raised,  and  caught  hand  between  bail  and  bail  of  adjacent  bucket.    D. 

8.  Ore-bridge  oiler  pulled  electric  switch  and  received  electric  flash  in 
eyes.   D. 

9.  Electric  repair  man  In  putting  in  fuse  caused  short  circuit,  and  flash 
bamed  eyes.    D. 
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10.  Graneman  threw  switch,  caasing  fuae  to  blow  out,  burning  hand.    D. 

11.  Craneman  connecting  wire  for  electric  light  caused  short  circuit,  burning 
hnnd.    C. 

12.  Rigger  was  taking  strut  from  bridge  with  crane.  The  strut  swung  and 
knocked  man's  leg  against  rail  girder,  amputating  leg.    B. 

13.  Laborer  was  in  car  in  which  grab  bucket  was  scooping  ore.  Operator 
did  not  see  man  and  hit  him  on  head  in  lowering  the  bucket    D. 

14.  Trestle  man  was  sitting  on  side  of  car  directing  unloading  of  car  with  grab 
bucket,  when  bucket  swung  against  leg.    G. 

When  work  is  being  done  on  cranes  or  runways  where  other  cranes 
are  running,  the  idle  crane  should  be  protected  by  track  torpedoes 
placed  25  to  75  feet  away,  depending  upon  the  effectiveness  of  the 
brakes.  An  ore  bridge  equipped  with  safeguards  is  shown  in  Plate 
1,5. 

The  electrical  accidents  emphasize  the  need  of  safety-switch  boxes 
which  will  prevent  flashes  from  burning  the  operator  when  the 
switch  is  operated.  Fuses  should  be  similarly  inclosed  or  placed  so 
far  away  from  the  switch  that  the  flame  or  flash  from  the  fuse 
blowing  can  not  injure  the  operator.  For  replacing  fuse  plugs,  fiber 
•r  other  insulated  tongs  should  be  provided.  It  is  probably  well 
to  insist  that  the  work  of  installing  lights  or  making  connections  to 
electric  circuits  be  done  by  electricians,  as  the  work  is  apt  to  prove 
hazardous  to  inexperienced  men,  although  not  difficult  or  dangerous 
in  the  least  for  skilled  workmen. 

The  other  accidents  disclose  a  variety  of  unsafe  practices.  It  is 
almost  a  certainty  that  men  who  persist  in  oiling  machinery  in  mo- 
tion will  eventually  suffer  accident.  As  regards  ore-bridge  cranes,  at 
least,  there  is  no  necessity  for  such  practice.  When  practicable  to 
do  so,  the  switch  controlling  the  motor  should  be  thrown  open  and 
locked  whenever  the  crane  hoist  or  trolley  does  not  require  occasional 
movements  to  bring  parts  under  repair  within  reach.  When  such 
movement  is  necessary,  men  capable  of  the  duties  of  electrician  or 
millwright  obviously  should  know  enough  to  get  into  a  safe  place 
before  giving  any  signal  for  operation  that  will  place  themselves  in 
jeopardy.  Crane  operators  should  not  hoist  until  the  hookcr-on  ha« 
given  a  signal  to  do  so,  and,  just  as  important,  the  hooker-on  should 
not  keep  his  hand  between  a  chain,  cable,  or  hook  and  the  object  to 
be  hoisted  after  giving  the  hoisting  signal,  nor  between  the  material 
to  be  hoisted  and  any  object  between  which  he  may  be  caught  when 
*  the  load  swings.  The  signal  to  hoist  should  always  be  given  by  the 
hooker-on.  These  are  elementary  precautions,  and  self-evident,  but 
they  are  repeatedly  and  persistently  ignored  in  the  operation  of 
cranes. 

The  last  two  accidents  serve  to  indicate  the  need  of  enforcement  of 
practices  that  will  prevent  men  from  remaining  inside  cars  in  which 
ore  grab  buckets  are  being  used.     When  it  is  nece^^ary  for  men  to 
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get  inside  to  shovel  up  the  ore  for  scooping,  the  crane  operator  should 
not  lower  the  bucket  until  the  men  are  out  of  the  car,  or  at  least  in 
the  opposite  end  of  the  car  from  where  the  bucket  is  to  be  lowered. 
In  using  hoist  tackle  in  removing  and  replacing  heavy  objects  there 
is  the  same  danger  of  a  side  swing,  and  strong  guy  lines  should  be 
used  to  retard  the  swing  and  to  control  the  path  of  the  hoist,  and  the 
men  in  whose  hands  the  guy  line  is  placed  should  take  a  wrap  or  turn 
of  the  line  about  some  convenient  strong  object. 

The  other  accidents  are  illustrative  of  the  lack  of  thought  of  either 
the  foremen  in  not  warning  men  of  unsafe  practices  or  of  men  in 
disregarding  the  self-evident  dangers  of  work  with  this  equipment; 
they  show  the  need  of  teaching  caution  even  to  men  who  may  have 
come  through  some  years  of  experience  without  serious  injury,  some 
of  the  injured  having  had  as  much  as  10  years'  experience. 

FALLING  AND  FLYING  MATERIAL,  FALLS  OF  WORKERS,  AND  MISCELLANEOUS 

ACCIDENTS. 

L  Laborer  was  unloading  ore  from  stock  pile  into  buggy  when  ore  rolled 
down  pile  onto  leg.    D. 

2.  Laborer  was  breaking  lump  of  ore  when  piece  flew  and  struck  hand.    D. 

3.  Laborer  got  in  way  of  stone  breaker,  and  was  hit  on  hand  with  sledge.    D. 

4.  Graneman  was  cutting  hand  leather  from  scrap  belting  and  knife  slipped 
and  cut  him.    D. 

5.  Repair  man  missed  his  grip  on  rung  of  ladder  while  climbing  up  leg  of 
ore  bridge  and  fen  about  20  feet  to  track  rail.    B. 

a.  Oiler  of  ore  bridge,  in  coming  down  ice-coated  ladder  of  ore  bridge,  slipped 
and  fell  about  18  feet  onto  girder  of  ore  bin.    B. 

Accidents  like  the  last  two,  which  resulted  because  of  a  lack  of  a 
safety  cage,  must  be  attributed  to  the  negligence  of  the  company,  as 
safety  cages  have  been  for  some  years  standard  equipment  on  all 
ladders  more  than  10  feet  high.  On  the  recently  erected  ore  bridges 
steps  rather  than  ladders  are  used. 

Slivers  and  fragments  flying  from  ore  or  limestone  being  broken 
with  sledges  have  more  than  once  caused  loss  of  eyesight,  and  as  flying 
material  is  to  be  expected  in  such  work,  the  men  assigned  this  work 
should  be  given  goggles  and  compelled  to  wear  them.  There  is  no 
such  handicap  in  their  use  as  at  times  occurs  in  cast  houses  and  at 
pig  machines  because  of  the  presence  of  steam. 

A  hazard  that  exists  where  men  haul  ore  from  the  stockyard  to 
the  furnace  is  the  danger  of  undercutting  a  pile  of  frozen  ore  and 
having  the  pile  collapse  and  bury  the  workmen.  Foremen  should 
exercise  close  supervision  of  the  work  where  charging  is  still  done 
m  this  wav. 

The  accident  caused  by  the  knife  slipping  while  a  man  was  cuttin«r 
a  hand  leather  is  trivial,  but  could  easily  have  been  serious.    When 
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safety  hand  leathers  are  furnished,  as  is  done  by  a  large  number  of 
companies,  they  eliminate  a  variety  of  hazards  incident  to  the  prepa- 
ration and  use  of  hand  leathers  from  scrap  belting  or  leather. 

TBESTLES. 

Flying  material,  falls,  hand  labor  and  hand  tools,  and  railroad 
equipjuent  comprises  the  outstanding  causes  of  injuries  on  ore  trestles. 

FALLS. 

1.  Carpenter  tripped  on  loose  board  in  walk  and  fell  to  yard.    D. 

2.  Stock  unloader,  in  climbing  out  of  car,  slipped  and  fell.    D. 

3.  Ladle  chaser  fell  from  trestle  walk  to  yard,  18  feet,  fracturing  arm  and 
leg.    B. 

4.  Laborer  standing  on  ore  in  car  was  carried  into  bottom  of  car  when  on^ 
collapsed.    D. 

5.  Car  unloader  was  standing  on  plank  along  trestle  unloading  car  when 
plank  overturned,  causing  fall.    B. 

6.  Bin  feeder  was  barring  ore  In  bin  when  slide  of  ore  caught  bar,  thvewing 
man  into  bin.    D. 

7.  Laborer  stumble<l  over  coke  fork  and  fell  Into  coke  bin.    O. 

8.  Bin  man  stumbled  over  loose  plank  in  trestle  walk  and  fell  into  bin.    D. 

9.  Stock  unloader  was  Jumping  from  rail  to  rail  over  trestle  bin  and  slipped, 
cutting  leg  on  rail.    D. 

10.  Rigger  was  standing  on  ore  in  bin  when  ore  was  drawn  in  the  stock  house 
from  bin ;  collapse  of  footing  caused  him  to  be  carried  down  in  bin.    D. 

11.  Laborer  was  standing  on  ore  In  car.  barring  ore  through  doors,  when  ore 
fell  in,  carrying  man  into  ore  bin,  causing  internal  injuries.    C. 

Although  none  of  the  accidents  in  this  classification  resulted  fatally, 
there  have  been  in  previous  yeat's  several  instances  in  which  similar 
accidents  resulted  fatally.  Men  should  not  be  allowed  to  get  on  top 
of  carloads  of  material  before  the  drop  doors  are  opened.  When  men 
must  enter  a  car  to  unload  it,  they  should  be  warned  to  keep  away 
from  the  edge  of  the  ore  toward  the  drop  door,  as  the  ore  may  slip. 

Belts  and  safety  lines  are  provided  at  many  plants  for  work  in 
cars  where  the  ore  is  likely  to  slide  and  carry  the  men  through  the 
doors  into  deep  bins  or  when  the  trestle  is  high  above  the  ore  pile. 
Similar  devices  should  be  used  when  it  is  necessary  for  a  man  to  enter 
bins  to  clean  them  out,  or  when  men  must  work  in  them  regularly  to 
keep  the  ore.  moving  down  to  the  doors.  The  use  of  belts  and  safety 
lines  is  stated  to  have  prevented  several  serious  accidents  at  a  large 
plant  in  the  Pittsburgh  district,  where  they  have  saved  men  from 
being  covered  in  a  slide  of  ore,  or  have  enabled  men  carried  down  in 
a  slide  and  covered  up  to  be  found  at  once  and  dug  out  without 
delay. 

A  steel  platform  at  ore-bin  chutes  that  promotes  the  safety  of  men 
filling  ore  buckets  is  shown  in  Plate  II,  A.  A  trestle  with  grating 
between  the  walk  and  the  rail  girders  is  shown  in  Plate  11,  B. 
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B.    BLAST-FURNACE  TRESTLE,  SHOWING  GRATING  BETWEEN  WALK  AND  RAIL  GIRDER, 
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FALLING  AND  FLYING  OBJECTS. 

1.  Assistant  foreman  was  on  car  to  dislodge  lump  of  ore  frozen  to  side  of  ear ; 
lump  fell  and  struck  ma^,  fracturing  thigh.    B. 

2.  Ore  uuloader  was  in  car,  standing  in  l>bttom,  and  barring  ore  down  through 
duors.    Lump  rolled  down  from  top  of  pile  and  struck  him  on  leg.    B. 

3.  Trestle  mau  was  passing  coke  cor  when  bar  laid  on  top  of  car  side  fell  on 
bed.    B. 

4.  Uuloader  in  coke  car  had  dust  blown  into  eyes.    D. 

5.  Carpenter  was  tearing  down  old  trestle  when  the  structure  collapsed  and 
he  was  crushed  by  falling  timl)er.    A. 

Falling  of  ore  or  limestone  lumps  is  the  main  cause  of  injuries 
from  falling  material.  Three  other  accidents  similar  to  No.  1  and  11 
other  accidents  similar  to  No.  2  occurred.  The  most  hazardous  condi- 
tion is  introduced  when  the  carload  is  frozen  and  the  ore  or  stone  be- 
neath the  frozen  crust  is  cut  away.  The  work  is  especially  dangerous 
because,  in  cold  weather,  foremen  and  men  are  apt  to  be  benumbed 
and  to  lose  their  ordinary  caution,  and,  in  addition,  the  work  is 
usually  behind,  the  bins  are  low,  and  every  consideration  urges  haste. 
In  order  to  keep  the  furnace  going  chances  are  taken  in  unloading, 
as  to  stop  the  furnace  at  a  time  when  it  is  working  badly  or  when  it 
is  low  might  introduce  a  greater  hazard  than  is  faced  in  hurry-up 
work  with  frozen  ore  and  iSux. 

At  such  times,  every  aid  that  will  minimize  the  danger  should  be 
employed.  The  provision  of  a  steam  line,  with  hose  and  gas-pipe 
nipples  to  insert  in  the  ore  for  four  to  six  hours  before  the  car  is  spot- 
ted on  the  trestle,  is  a  great  aid  in  unloading  and  is  widely  employed 
where  the  capacity  of  the  ore  yard  is  insufficient  and  ore  must  be 
shipped  through  the  winter  season;  dynamiting  the  top  crust  and 
large  lumps  of  frozen  material  is  helpful;  where  natural  gas  is  avail- 
able at  low  rates  it  is  employed  with  good  results ;  in  western  Penn- 
sylvania, the  practice  is  common  of  keeping  in  touch  with  the  Weather 
Bureau,  and  when  a  cold  snap  is  imminent,  shipments  are  stopped. 

In  using  steam  hose,  care  must  be  taken  that  the  hose  is  in  good 
condition,  as  it  is  apt  to  deteriorate  under  extreme  temperature 
changes. 

In  using  dynamite,  only  small  charges  should  be  used;  usually 
half  a  stick  is  sufficient,  and  for  best  results  the  hole  in  the  frozen 
crust  should  be  at  an  angle  of  about  45^.  Firing  is  most  safely  done 
with  a  firing  battery,  warning  being  given,  and  a  man  being  sta- 
tioned to  see  that  no  one  comes  within  range  of  the  flying  pieces  of 
ore.  Dynamite  should  always  be  thawed  before  using,  as  the  use  of 
frozen  dynamite  is  very  datigerous.  Standard  thawers  should  be 
provided  for  thawing,  and  no  attempt  made  to  thaw  the  explosive 
by  placing  it  near  a  stove  or  boiler,  or  in  a  pail  with  hot  bricks. 
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Such  accidents  as  No.  2  are  to  some  degree  unavoidable.  Men 
standing  in  supposedly  saf6  positions  are  sometimes  struck  by  re- 
bounding lumps  of  materiaL  When  it  is  necessary  for  men  to  get 
down  into  the  car  to  pull  the  ore  down  in  the  hopper  to  the  doors,  the 
safest  place  to  stand  is  between  the  two  hopper  doors,  where  there  is 
the  least  chance  of  being  struck  by  a  lump  of  ore  or  by  the  collapse 
of  the  face  of  the  pile. 

HAND  LABOR  OR  HAND  TOOLS. 

1.  Two  laborers  were  unloading  heavy  scrap  and  one  allowed  his  end  to  slip. 
The  piece  in  falling  crushed  other  man's  toes.    O. 

2.  Scrap  rolled  from  pile  in  car  onto  man's  foot.    D. 

3.  Laborer  was  throwing  scrap  from  car  when  hand  leather  caught  on  rough 
«dge  of  scrap,  wrenching  arm.    D. 

4.  Laborer  unloading  lumber  allowed  piece  to  slip,  tearing  nail  from  finger.    D. 

5.  Ore  unloader  was  sledging  bottom  of  car  to  make  ore  slide  out  of  door,  and 
draught  wrist  on  cotter  pin  of  winding  rod.    D. 

6.  Laborer  strained  muscles  of  abdomen  in  working  with  car  wrench.    D. 

7.  Laborer  ruptured  blood  vessel  in  neck  in  lifting  timber.    D. 

8.  Laborer  cut  hand  on  rough  scrap.    D.  • 

9.  Laborer  allowed  lump  of  ore  to  drop  on  foot.    D. 

10.  Unloader  was  opening  door  of  limestone  car,  when  door  opened  suddenly, 
<*ausing  wrench  to  jerk,  and  threw  man  into  bin  where  he  was  covered  by  lime- 
stone from  car.    A. 

11.  Stock  unloader  was  holding  bar  when  man  sledging  on  it  hit  him  Id 
back.    D. 

12.  Bin  man  squeesced  fingers  between  bar  and  ore-bin  girder  in  loosening  ore 
In  bin.    D. 

13.  Laborer  struck  kneecap  against  end  of  bar.    0. 

14.  Ore  unloader's  pick  struck  shovel  lying  on  cross  strut  in  car,  causing  it  to 
fall  on  finger.    C. 

15.  Bin  man  Jammed  hand  between  end  of  bar  and  ore-bin  girder  in  with- 
drawing bar  from  sticky  ore.    O. 

16.  Man  placed  pinch  bar  under  car  wheel  to  stop  car;  wheel  catching  bar 
threw  it  up  against  car  frame,  jamming  hand.    D. 

17.  Trestle  man  was  holding  steel  wedge  being  driven  in  frozen  ore,  when  steel 
sliver  from  wedge  struck  his  eye.    Loss  o*f  sight. 

18.  Sledge  came  off  handle  and  struck  man  on  head.    G. 

19.  Coke  unloader  was  beneath  car  working  on  warped  door  while  helper  was 
trying  to  close  door ;  door  dropped  and  hit  unloader's  back.    D. 

20.  laborer  went  beneath  car  to  pry  open  door,  when  it  opened  suddenly, 
squeezing  chest.    D. 

21.  Laborer,  in  dropping  car  door,  caught  palm  of  hand  in  cotter  pin  at  end 
of  winding  post.    C. 

22.  Laborer  scratched  elbow  and  did  not  report  injury,  but  dressed  it  witb 
kerosene  and  tobacco.    Infection.    O. 

23.  Laborer  pinched  finger  and  did  not  report  for  five  days.    C. 

24.  Laborer  fell  from  car  and  scratched  palm  of  hand.  Did  not  r^wrt  in 
Jury.    B. 

25.  liaborer's  hands  became  blistered.    Did  not  report    JX 
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The  handling  of  scrap  caused  many  accidents  similar  to  the  ones 
mentioned.  Safety  hand  leathers  would  have  prevented  many  of 
them,  but  a  considerable  number  were  caused  by  one  of  two  men  letting 
go  a  piece  of  scrap  before  the  other.  The  handling  of  rough  scrap  is 
necessary,  and  such  accidents,  like  most  hand-labor  accidents,  are 
due  primarily  to  a  dulling  of  carefulness  by  the  continued  repetition 
of  uninteresting  work  and  its  seemingly  little  danger.  The  preven- 
tiwi  of  such  accidents  is  a  difficult  problem.  Although  supervision 
helps,  there  are  limits  to  the  extent  to  which  it  can  be  carried.  The 
substitution  of  machinery  for  hand  labor  is  a  more  effective  means. 
For  instance,  one  plant  handling  ladle  and  runner  scrap  from  six 
furnaces  has  almost  entirely  eliminated  accidents  from  this  source 
by  the  use  of  magnets  in  the  cast  house  and  on  the  trestle. 

Many  of  the  types  cited  illustrate  again  the  necessity  of  familariz- 
ing  everyone  with  the  hazards  incident  to  the  use  of  hand  tools  and 
to  hand  labor.  Personal  caution  by  the  men  and  close  supervision 
by  foremen  must  be  insisted  on  if  such  injuries  are  to  be  reduced  to 
the  minimum.  An  inspection  committee,  an  inspector  of  tools,  or  a 
foreman  should  examine  all  hand  tools  once  a  week  to  insure  that 
they  are  in  safe  condition,  to  prevent  accidents  similar  to  Nos.  17 
and  18. 

Car  wrenches  cause  many  accidents  around  the  trestle.  The 
sudden  dropping  of  doors  with  a  weight  of  several  tons  of  material 
on  them  will  sometimes  cause  the  wrench  to  fly  about  suddenly  and 
may  easily  catch  the  wrench  man  in  an  unfavorable  position. 
Twenty-three  accidents  similar  to  No.  10  occurred,  two  being  fatal. 
The  manner  in  which  these  accidents  occur  is  varied.  The  man  may 
not  be  in  a  position  to  detach  the  wrench  from  the  winding  post 
when  it  turns  suddenly,  or  the  motion  may  be  so  instantaneous  that 
he  has  not  time  to  loosen  his  grip  on  the  handle.  Consequently  he  is 
thrown  against  the  car  or  walk  or  into  the  bin,  or  the  wrench  may 
fly  about  entirely,  throw  the  man  into  its  path,  and  deal  a  severe 
blow  on  his  head  or  body.  Sometimes  excess  of  caution  in  avoiding 
these  injuries  leads  to  harm.  Eight  injuries  were  caused  by  the 
wrench  slipping  off  the  winding  bar.  The  men  are,  not  unnaturally, 
apprehensive  of  injury  when  the  car  doors  are  opened  and  are 
usually  careful  to  so  place  the  wrench  on  the  winding  bar  that  in 
event  of  its  turning  suddenly  the  wrench  will  be  thrown  off  or  may 
be  detached  easily.  As  a  result  of  misjudgment  in  placing  the 
wrench,  or  because  of  a  rounded  winding-bar  nut,  or  a  slippery 
wrench  socket,  the  wrench  may  slip  off  the  bar  and  cause  the  user  to 
fall,  or  it  may  fall  on  his  feet  or  catch  his  fingers. 

Such  accidents  show  the  need  of  using  safety  car  wrenches.  These 
wrenches  are  already  widely  used,  but  some  are  not  literally  safe. 
Five  accidents  occurred  with  so-called  safety  wrenches.    As  an  ex- 
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ample,  a  man  was  opening  the  car  doors  with  a  safety  ratchet  wrench 
which  failed  to  work  when  the  doors  opened  suddenly,  the  wrench 
flying  around  and  causing  a  compound  fracture  of  the  great  toe, 
with  42  days'  lost  time. 

However,  safety  car  wrenches  should  be  used,  as  there  are  types 
that  afford  security.  On  no  account  should  square-socket,  nonsafety 
wrenches  be  used. 

RAILROAD  EQUIPMENT. 

L  Stock  unloeder  was  on  coke  car  loosening  brake,  and  when  the  catch  was 
kicked  out  the  wheel  whirled  about  so  violently  as  to  throw  man  off  brake  plat- 
form onto  track.    D. 

2.  Laborer  was  dropping  two  empty  cars  from  trestle  and  could  not  manage 
brake.     When  they  bumped  the  string  of  empties,  he  was  thrown  Into  car.    D. 

3.  Foremen  was  dropping  cars  on  trestle  when  brake  would  not  work.  He 
jumped  from  car,  ran  ahead  to  next  car  to  set  brake,  and  when  cars  bumped 
was  thrown  to  rail,  wheel  passing  over  toe.    C. 

4.  Brakeman  was  setting  brake  on  car,  and  when  it  bumped  was  thrown 
off.    D. 

5.  Stock  unloader  was  caught  between  two  cars.    B. 

6.  Laborer  was  unloading  car  when  it  w*as  bumped  by  a  drag  of  cars  being 
placed  on  the  trestle.    Man  was  thrown  through  drop  doors  to  ore  pile.    D. 

7.  Laborer  was  run  over  and  disemboweled  by  transfer  car.    A- 

8.  Laborer  was  in  bin  cleaning  it  when  transfer-car  doors  opened  just  as  it 
passed  over  bin,  allowing  contents  to  fall  on  man.    D. 

8.  Stock  unloader  was  spragglng  car  with  block  of  wood  and  wheel  threw 
block  in  such  a  way  as  to  crush  finger.    D. 

9.  Transfer-car  man  was  burned  by  the  short-circuiting  of  the  light  wire  in 
the  cab.    D. 

10.  Unloader  had  finger  pinched  between  car-door  latch  and  ratchet.    G. 

Whenever  men  are  working  in  bins  they  should  be  protected  by 
track  torpedoes  or  flags;  they  should  not  be  allowed  to  enter  bins 
over  which  larry  cars  or  ore  bridges  with  loaded  buckets  are  running. 
In  spragging  cars,  short  pieces  of  lumber  should  not  be  used. 
Whenever  cars  are  spotted  on  the  trestle  and  the  cars  previously 
spotted  are  removed,  the  foreman  should  be  sure  that  all  men  are  out 
of  the  cars  before  the  engine  or  new  drag  bumps  the  cars  in  coupling 
on  or  pushing  them  down  the  trestle.  Cars  in  which  men  are  work- 
ing should  be  protected  by  a  flag  placed  and  removed  by  the  foreman. 
A  larry-car  operator  is  primarily  responsible  for  the  safety  of  men 
who  inadvertently  get  in  the  way  of  the  car.  Inasmuch  as  the  car 
runs  at  irregular  intervals,  men  can  not,  within  reason,  be  expected 
to  be  continuously  on  the  alert  for  it  and  do  their  work  effectively. 
Especially  when  the  car  is  running  with  the  operator  at  the  rear 
should  he  have  the  car  under  control  and  blow  the  warning  whistle 
frequently,  because  a  clear  view  of  the  track  can  not  be  had.  The 
possibility  of  injury  through  lack  of  control  of  cars  by  reason  of 
deficiency  in  skill  or  in  the  brake  itself  is  evident,  and  although  the 
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men  engaged  ranged  from  skilled  to  unskilled,  it  is  always  better  to 
have  men  accustomed  to  the  work  do  these  jobs. 

MISCELLANEOUS   TRESTLE    ACCIDENTS. 

1.  Laborer  hung  a  torch  under  car  while  he  was  working  on  a  car  door  to 
get  ft  open.  He  bumped  the  torch,  causing  It  to  upset  and  spill  burning  oil 
over  his  arm.    D. 

2.  Laborer  opened  doors  on  flue-dust  car  and  hot  dust  blew  out  over  his 
feet.    D. 

From  time  to  time,  throughout  the  entire  works,  the  common  torch 
or  '^ smoke  pet''  either  upsets  or  explodes  when  placed  on  a  hot 
surface,  causing  more  or  less  serious  burns.  There  are  many  places 
where  the  use  of  an  electric  light  on  an  extension  cord  is  not  feasible 
and  where  the  torch  seems  necessary,  but .  it  should  be  so  placed 
that  it  will  not  be  struck  by  tools.  Prevention  of  flue-dust  acci- 
ionts  is  discussed  elsewhere  (pp.  62-69). 

To  conclude  the  material  on  trestle  accidents,  mention  may  be 
made  of  the  importance  of  having  the  trestle  walk  sufficiently  wide 
so  that  men  will  not  be  in  any  danger  of  falling  into  the  bin  when 
they  are  thrown  off  balance  by  a '  car- wrench  mishap.  ^  The  walk 
can  extend  within  12  inches  of  the  rail  girder.  Another  safeguard 
is  to  have  a  grid  composed  of  round  iron  bars  between  the  girder  and 
the  walk.  (See  PL  II,  B.)  Each  pinch-bar  handle  should  be  pro- 
vided with  a  steel  disk,  and  the  heel  should  not  be  allowed  to  get 
smooth. 

STOCK  HOirSE. 

1.  Helper  on  larry  car  Jumped  off  while  car  was  in  motion  and  fell  against 
wall.    D. 

2.  Men  in  skip  hole  cleaning  up  left  trapdoor  open.  Stock-house  men  walked 
Into  open  liole,  falling  Into  skip  pit.    D. 

3.  Larry-car  man,  standing  on  top  of  scale  car  pulling  coke  from  bin,  fell 
to  ground.     D. 

4.  Boiler  maker's  helper  was  on  temporary  scaffold  repairing  bin  chute. 
Board  was  insecurely  fastened,  causing  him  to  fall  to  floor.    B. 

5.  Boiler  maker  in  repairing  bin  chure  propped  bin  door  open  with  piece  of 
lumber.  Was  sitting  In  "hute  when  prop  slipped,  letting  bin  door  drop  on  leg, 
breaking  bones  above  ankle.    B. 

6.  Boiler  maker  was  repairuig  ore-bin  door  when  larrj'-car  operator  put  feed 
mechanism  in  gear  to  draw  ore  from  the  bin.  Boiler  maker  was  thrown  to 
floor.    D. 

7.  Man  placed  handles  of  wheelbarrow  on  end  of  larry  car  and  then  sat  down 
In  harrow.  Larry  car  started,  ups»et  the  barrow,  throwing  man  out  onto  track, 
and  ran  over  him.    A. 

8.  Man  was  thawing  ore  In  chutes  with  gas.  Turned  on  gas  and  attempted 
to  light  it  with  a  match,  when  the  gas  flarod  out  and  burned  him.    I>. 

9.  I^iborer  was  working  under  empty  bin ;  hot  flue  dust  was  dumped  Into  bin 
and  some  escaped  fro]u  door  of  bin  and  fell  on  him.    D. 
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10.  Barrow  man  was  burned  by  hot  sinter  dumped  Into  and  escaping  from 
door  of  nearly  empty  bin  from  wliich  he  was  drawing  sinter.    D. 

11.  Bottom  filler  stepped  into  pail  of  scalding  water.    D. 

12.  Larry-car  helper  was  throwing  switch  and  was  struck  by  larry  car.    C. 

13.  Laborer  while  cleaning  tracks  was  bumped  by  larry  car  and  thrown  to 
ground.    B. 

14.  Man  sitting  beneath  bins  with  feet  toward  track  slipped  from  seat  as 
larry  car  passed.    Foot  went  beneath  wheel  and  toes  were  slighly  crushed.    D. 

15.  Repair  man  had  leg  broken  when  larry  bumped  idle  larry  upon  which 
he  was  working.    B. 

Id.  Laborer  cleaning  stock  house  was  stroick  by  scale  car  and  suffered  an 
Injured  hip.    B. 

17.  Clean-up  man  wheeling  scrap  to  skip  pit  was  caught  between  two 
iarries.    D. 

18.  Helper  was  cleaning  ore  from  track  at  skip  pit  where  larry  car  had  Just 
dumped  charge.    Operator,  not  seeing  liim,  started  car  and  caught  foot.    D. 

19.  Stock-house  man  was  standing  on  skip  car  working  ou  larry-car  doors, 
which  were  stuck.  As  car  doors  opened,  car  moved  and  wheel  caught  man's 
fingers,  they  having  been  on  rail  to  keep  him  from  falling  while  on  skip-car 
edge.    G. 

20.  As  man  was  shutting  limestone  chute,  lever  broke,  causing  him  to  lose 
balance  and  fall.    D. 

21.  Nut  on  bin-chute  mechanism  fell  on  larry-car  helper's  head.    D. 

22.  Larry-i;ar  helper  caught  hand  between  side  of  bin-door  chute  and 
door.    D. 

23.  Bottom  filler,  in  prying  lump  from  bin  chute,  had  fingers  caught  by  lump 
when  it  slid  out.    O. 

24.  Larry-car  helper  standing  on  top  of  car  side  was  struck  on  foot  by  large 
lump  of  ore  he  dislodged  from  bin  door.    C. 

25.  Larry-car  man  in  operating  limestone-bin  door  was  struck  on  foot  by 
lump  of  limestone.    0. 

26.  Piece  of  limestone  fell  from  chute  on  larry-car  man's  head  while  runnlns 
car  beneath  chute.    D. 

27.  Laborer  was  hit  on  foot  by  lump  from  poorly  closed  bin  door.    D. 

28.  Barrow  man  let  piece  of  scantling  used  to  block  ore  in  chute  fall  od 
foot    D. 

29.  When  scrap  was  dumped  from  wall  into  stock  house,  piece  flew  and  hit 
man's  face.    D. 

80.  Scrapper,  in  pulling  scrap  to  scale  car,  fell  when  book  slipped  off 
scrap.    D. 

31.  Scrapper  cut  hand  on  sharp  scrap.    D. 

32.  As  man  was  throwing  scrap  into  skip  car,  his  glove  caught,  pulling  him 
down  into  bucket.    B. 

33.  Coke  dust  flew  into  man's  eye.    D. 

34.  Man  let  scrap  fall  on  foot    D. 

35.  Helper  loading  heavy  scrap  into  barrow  had  flesh  on  finger  scraped  to 
bone  when  fellow  workman  shoved  the  piece  before  it  had  cleared  the  top  of 
barrow.    B. 

36.  Scrap  man  pulled  piece  of  scrap  from  bottom  of  pile,  when  pile  tumbled, 
crushing  man's  toes.    B. 

37.  Larry-car  man's  helper  in  throwing  the  switch  put  foot  on  lever  to  force  it 
<!own,  allowing  other  foot  to  remain  beneath  lever,  and  fractured  great  toe.   0. 

38.  Man  loading  ore  buggy  from  stock  pile  let  lump  tall  on  foot    B. 
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88.  Barrow  man  in  pulling  barrow  struck  head  against  bin.     D. 

40.  Man  holding  bar  was  struclc  on  nose  with  sledge.    D. 

41.  Bottom  filler  pulling  buggy  slipped  and  struck  kneecap.    G. 

42.  Helper  pulling  buggy  had  foot  run  over  when  one  wheel  struck  coke  and 
diade  buggy  swerve.    D. 

43.  Helper  ran  buggy  wheel  over  fellow  workman's  toe.    G. 

44.  Helper  was  pushing  barrow  whea  wheel  hit  lump  on  floor.  Barrow 
■wimg,  cftteliing  hand  between  handle  and'post    D. 

45.  Buggy  was  run  into  another,  catching  bottom  filler's  hand.    B. 

4&  Barrow  man,  in  pulling  off  scales  buggy  in  between  two  others,  caught 
and  fractured  finger.    B. 

47.  Barrow  man  lifted  end  of  barrow  to  try  weight.  Helper  placed  hands  on 
back  to  push  barrow  away,  when  barrow  man  let  end  down  catching  helper's 
fingers  between  top  of  barrow  and  bin  chute.    B. 

4&  Barrow  was  run  into  helper  pushing  on  another  barrow.    D. 

49.  Man  allowed  buggy  to  overbalance  backwards,  and  barrow  leg  hit 
ihin.    D. 

50.  Barrow  man  let  barrow  leg  down  on  heel.    G.  \ 

51.  Cager  strained  himself  in  moving  heavy  ore  barrow.  Did  not  report  for 
work  for  22  days,  when  he  was  found  to  have  hernia  as  result  of  strain.    B. 

Accidents  Nos.  1,  2,  and  4  illustrate  the  dangerous  practices  of  get- 
ting off  cars  in  motion,  failure  to  guard  floor  openings,  and  lack  of 
inspection  of  scaffolds  before  use.  It  should  be  a  part  of  a  foreman's 
duties  to  correct  such  practices. 

No.  3  illustrates  a  type  of  accidents  of  which  nine  similar  accidents 
occurred,  usually  when  the  ore  was  sticky,  lumpy,  or  frozen.  At  such 
times  it  is  necessary  for  the  larry-car  men  to  do  this  work  from  the 
side  of  the  car,  standing  on  the  edge  of  the  hopper.  They  may  be  in 
positions  where  a  rush  of  ore  or  a  lump  may  hit  them.  Four  acci- 
dents of  a  similar  type  occurred  where  men  were  working  alongside 
of  hand  barrows.  Care  must  be  taken  by  men  to  stand  away  from 
the  path  of  falling  lumps,  and  whenever  headroom  permits  plat- 
forms from  which  bar  men  can  work  should  be  provided.  Some  of 
the  older  types  of  bin  doors  make  it  necessary  for  men  operating  the 
doors  to  stand  dangerously  close  to  the  path  of  the  falling  material. 
These  conditions  should  be  remedied. 

Accident  5  illustrates  the  need  of  close  supervision  of  methods  of 
work  that  is  essential  to  put  work  on  an  absolutely  safe  basis. 
Although  it  is  impossible  for  a  foreman  to  accompany  each  man  to 
his  work  and  personally  supervise  him,  nevertheless  the  job,  if 
unusual,  should  be  examined  by  the  foreman  and  explicit  directions 
given,  especially  as  men  unaccustomed  to  the  plant  may  easily  en- 
counter unfamiliar  jobs  for  a  considerable  period.  All  bin-door 
mechanism  should  be  guarded,  and  if  some  one  is  adjusting  or  oiling 
some  part  of  it  the  larry-car  operator  should  be  notified  so  that  he 
can  warn  those  engaged  in  the  work  in  case  it  becomes  necessary  to 
use  the  bin. 
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Accidents  7  and  8  illustrate  thoughtlessness,  an  element  that  cart 
be  eliminated  only  through  a  strenuous  campaign  of  education  in 
safe  ways  of  work.  Gas  should  never  be  lighted  at  the  end  of  noz- 
zles with  a  match,  as  the  control  of  gas  flow  is  uncertain.  Burning 
waste,  coke,  wood,  etc.,  placed  in  the  chute  or  on  the  floor,  should 
be  used. 

Regarding  accidents  9  and  10,  before  material  of  any  description 
is  dumped  into  an  empty  bin,  the  stock-house  force  should  be  notified 
so  that  they  will  be  away  from  the  door.  Flue  dust  or  flue-dust 
products  should  be  thoroughly  wet  before  being  dumped  into 
the  bins. 

In  each  of  five  accidents  in  which  men  were  struck  bv  scale  cars 
the  cars  were  equipped  with  continuously  sounding  gongs.  The 
danger  of  such  warnings  is  that  the  men  become  used  to  the  con- 
tinual noise  by  long  association  so  that  it  ceases  to  be  effective.  The 
weight  of  evidence  is  against  a  continuously  sounding  gong.  Much 
better  is  an  emergency  signal,  preferably  a  loud  whistle,  operated 
by  a  foot  button  or  lever,  as  the  operator's  hands  are  fully  occupied 
with  the  controller  and  foot  brake. 

Accidents  like  Nos.  18  and  19  could,  of  course,  not  well  be  pre- 
vented by  warning  whistles.  No.  18  would  have  been  avoided  if 
the  helper  had  set  the  brake,  and  No.  19  if  the  stock-house  man 
had  kept  out  of  the  way  after  the  car  had  been  dumped. 

Most  of  the  accidents  in  handling  scrap,  of  which  there  were 
many  more  than  mentioned,  were  due  to  the  lack  of  ordinary  carb 
and  skill.  It  is  diflicult  to  distinguish  between  the  two,  because  a 
man  sometimes  misjudges  the  weight  or  balance'  of  a  piece  and  it 
turns  and  slips  from  his  grasp.  Such  accidents  are  not  the  result!^ 
of  carelessness  but  of  error  of  judgment  or  of  lack  of  experience. 

The  considerable  number  of  hand-labor  and  hand-tool  accident*} 
encountered  are  not  reviewed,  as  they  do  not  differ  from  others  re- 
viewed elsewhere.  The  significant  fact  is  that  lonfx  employment 
gives  no  immunity  from  injury  to  men  engaged  in  these  tasks. 
The  variety  of  tasks  they  do  is  almost  infinite;  few  safeguards  can 
be  applied,  and  the  obvious  need  is  training. 

In  handling  scrap  the  safety  hand  leather  is  absolutely  essential, 
as  is  illustrated  by  accident  32.  A  safeguard  for  the  handling  of 
scrap  being  taken  to  the  stock  house  is  an  inclosed  chute,  which 
prevents  the  pieces  from  breaking  and  flying  when  dropped. 

In  regard  to  buggy  accidents,  of  which  accidents  41  to  51  are 
types,  buggies  are  in  use  at  only  two  large  plants,  though  several 
small  one-furnace  plants  have  this  equipment.  One  large  stock  house 
with  this  equipment  reported  no  buggy  accidents  resulting  in  dis- 
ability in  excess  of  7  days,  whereas  another,  equally  large,  had 
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several  acci>  -  ats  causiiig  disability  in  excess  of  14  days.  One  plant 
has  intensi.e  personal  safety  work  and  the  other  does  not,  and 
therein  lies  the  explanation.  The  work  is  perhaps  semiskilled,  as 
the  ore  buggy,  loaded,  weighs  as  much  as  2^50  pounds.  Not  a  little 
dexterity  is  required  in  balancing,  pulling,  and  dumping  it.  If  a 
man's  h-  ♦d  or  foot  is  caught  there  is  certainty  of  injury  of  some 
degree. 

Howfcv'er,  accident  prevention  is  a  matter  of  skill  and  continued 
care  and  it  is  impracticable  to  particularize  as  to  ways  and  means 
of  attaining  this  skill  in  managing  barrows.  Foremen  in  stock  houses 
should  be  on  the  lookout  for  growing  carelessness,  and  should  take 
every  opportunity  to  show  new  men,  as  best  they  can,  how  to  handla 
the  barrows  with  the  least  labor  and  danger  to  themselves. 

Accident  51  is  typical  of  the  repeated  instances  of  .reluctance  of. 
men  to  report  injuries.  There  were  two  cases  of  infection  in  the  stock 
ho*ises;  in  one  the  man  did  not  report  his  injury  for  11  days,  and 
a  small  scratch  became  a  serious  injury.  In  the  other  a  man  abraded 
the  skin  of  his  leg  through  the  cloth  of  his  working  clothes,  did  not 
report  for  S  da]^,  and  lost  20  days  as  a  consequence  of  infection. 

The  feeling  that  prompts  men  to  ignore  little  wounds  is  their  ex- 
perience that  former  slight  scratches  or  cuts  have  not  caused  trotible. 
Added  to  this  conviction  of  immunity  is  the  reluctance  to  report  the 
injury  for  fear  that  it  will  result  in  their  being  ordered  to  stop  work* 
for  a  few  days.  Loss  of  wages  may  be  a  serious  misfortune  to  a  man 
earning  an  average  wage  about  a  furnace  plant.  The  experience  of 
more  than  one  large  company  in  the  last  two  years  indicates  that  ii 
is  possible  to  shorten  to  ^  marked  degree  the  lost  time  attendant  on 
minor  injuries.  Efficient  trelitment  of  minor  injuries  prevents  a  seri- 
ous loss  of  time  for  those  injured,  and  c(msequently  their  reluctance 
to  report  their  injuries  disappears.  The  reduction  of  lost  time  at- 
tendant on  slight  injuries  is  one  of  the  most  important  accomplish- 
ments to  be  achieved  in  getting  men  interested  in  safe  methods  of 
work. 

SKIP  PIT  AXTD  HOIST. 

1.  Cage  being  a  Uttie  above  the  top  platform,  top  flUer  started  to  lower  it. 
Brake  was  on  tight  and  he  had  to  turn  on  much  steam  to  start  cage ;  then  it 
dropped  6  feet  before  he  could  stop  It  As  cage  at  bottom  started  suddenly,  man 
riding  on*  it  Jumped  M  and  was  hit  on  head  by  safety  gate.    D. 

2.  Top  flUw  started  cage  up  as  man  was  taking  barrow  from  cage,  and  the. 
bottom  filler  was  thrown ;  contusion  of  head.    D. 

3.  Stock-house  man  knelt  down  to  open  skip-pit  siphon  valve  next  to  skip 
Incline.    Placed  hand  on  skip-car  rail  and  skip  passed  over  hand.    C. 

4.  Millwright  was  repairing  steam  Insulation  on  steam  line  running  up  skip 
ifidine  to  top  of  furnace,  and  was  struck  by  descending  eAdp.    O. 

61  Motor  inspector  was  repairing  overtravel  device  and  allowed  tool  to  toadi 
contact  plates,  causing  .flash.    O. 
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6.  BlectriciaD  working  on  rear  of  switchboard  touched  tool  against  a  bus  bar, 
causing  burn  of  wrist    D. 

7.  Pipe  fitter  was  standing  on  ladder  taking  down  pipe  when  pipe  wrench 
slipped,  causing  ladder  to  tilt    He  Jumped  and  Injured  side.    B. 

8.  Piece  of  coke  fell  from  skip,  striking  laborer  on  head.    D. 

9.  Man  was  cutting  rivets  at  skip  hoist  when  one  flew  and  struck  laborer 
standing  nearby.    D. 

10.  Laborer  was  cleaning  out  skip  pit  when  lump  of  limestone  fell  from 
bucket  onto  foot    D. 

11.  Millwright  foreman  strained  back  while  changing  cables  on  skip  counter- 
weight   D. 

12.  As  buggy  man  was  pulling  barrow  onto  cage,  the  momentum  of  barrow 
pushed  him  against  wall.    D. 

18.  As  barrow  man  was  pulling  buggy  onto  hoist  he  lost  control  of  it  and 
WAS  Jammed  against  the  side  of  elevator.    B. 

14.  Laborer  in  pipe  gapg  was  disconnecting  pipe  from  skip-pit  siphon  when 
steam  was  turned  on  and  scalded  his  legs.    C. 

15.  Stock-house  laborer  was  cleaning  up  along  the  stock  house  when  material 
thrown  by  a  furnace  slip  struck  him.    D. 

16.  Helper  was  oiling  skip-car  wheels  when  hoist  man  let  car  down  unex- 
pectedly.     0. 

Accidents  similar  to  Nos.  4  and  16  can  be  eliminated  by  locking 
open  the  skip-motor  switch  before  working  on  the  skip  or  the  skip 
incline. 

Accidents  similar  to  Nos.  1  and  2  may  be  avoided  by  not  allowing 
men  to  ride  on  the  hoist  to  and  from  the  furnace  top.  In  so  doing 
they  are  constantly  subject  to  accident  from  failure  of  overtravel 
devices,  cables,  and  safety  clutches^  and  from  falling  material.  Such 
a  rule,  although  difficult  to  enforce,  and  seemingly  impracticable, 
is  adhered  to  at  certain  plants.  If  men  are  allowed  to  ride  on  the 
hoist  there  should  be  provided  screens  at  the  sides,  a  cover  over  the 
top,  and  efficient  safety  catches.  The  cables  should  have  especial 
attention  as  regards  breaking  strands  and  lubrication. 

Three  other  accidents  similar  to  No.  2  occurred  and  were  the  result 
of  the  custom  of  having  the  control  of  the  elevator  in  the  hands  of 
the  top  filler.  It  is  the  rule  that  the  top  filler  is  not  to  move  the 
cage  until  the  eager  at  the  bottom  has  signaled  him,  usually  by  a 
gong.  As  this  signal  is  given  hundreds  of  times  a  day,  it  may 
become  so  associated  with  routine  that,  even  when  not  given,  it  is 
believed  to  have  been  sounded  and  the  hoist  is  started.  Unless  con* 
stant  care  is  taken  by  the  top  filler  to  see  that  men  are  off  the  hoist 
after  placing  the  barrows,  an  occasional  error  in  premature  starting 
of  the  hoist  may  result  seriously,  especially  when  the  hoist  is  equipped 
at  the  bottom  with  safety  gates  which  may  drop  and  catch  men 
stepping  from  the  hoist  as  it  unexpectedly  starts  upward. 

The  equipment  of  hoists  with  safety  gates  at  the  bottom  was 

.  prompted  by  the  occurrence  of  accidente  to  the  bottom  fillers.    As 

they  stood  at  the  foot  of  the  elevator  to  take  the  barrows  off  the  cage 
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SB  it  came  to  rest,  their  feet  would  often  project  over  the  sill  and 
be  caught  by  the  descending  elevator.  These  gates  are  now  standard 
equipment.  A  gate  still  in  use  at  the  top^.  oi  some  elevators  is  of 
the  trap^door  type,  which  is  lifted  bodily  by  the  elevator  as  it  nears 
the  top.  These  are  dangerous  and  should  be  replaced  with  side-lift 
gates. 

No  one  should  be  allowed  on  the  hoist  after  the  eager  has  given  the 
starting  signal. 

Accidents  5  and  6  illustrate  the  necessity  of  standing  on  a  dry  board 
or  rubber  mat,  of  wearing  rubber  or  dry  leather  gloves,  and  of  having 
tools  thoroughly  insulated  with  fresh  tape,  when  working  on  mill 
circuits  even  of  low  voltage.  These  circuits  are  sometimes  grounded, 
and  especial  precautions  are  called  for.  * 

Accidents  like  No.  7  demonstrate  the  need  of  safety  hooks  at  the 
tops  of  portable  ladders,  as  well  as  of  spurs  or  nonslip  pads  at  the 
bottom.  If  hooks  are  not  provided,  or  can  not  be  utilized,  a  helper 
should  hold  the  ladder.  If  a  man  must  use  a  pipe  wrench  while 
standing  on  a  ladder,  he  should  be  especially  careful  to  avoid  posi- 
tions that  invite  falls  should  the  wrench  slip. 

Accidents  like  No.  10  are  infrequent,  as  most  plants  have  a  wide  pit 
80  that  onen  have  opportunity  to  retreat  from  be»eath  the  rubbish 
bucket  as  it  is  hoisted  and  dumped.  No  accidents  are  reported  as 
the  result  of  falls  of  men  in  getting  into  or  out  of  pits,  even  though 
there  are  some  pits  where  a  considerable  degree  of  agility  is  required. 
Neither  were  there  any  accidents  reported  to  men  while  in  the  pit 
caused  by  being  struck  by  skip  cars,  either  by  movement  of  the  skip 
or  the  breakage  of  the  caJbles.  Safeguards  are  the  provision  of  a  wide 
and  deep  skip  pit  so  that  men  can  get  out  of  range  of  the  movements 
of  the  car,  and  the  requirement  that  the  skip  cars  shall  be  empty 
while  the  men  are  in  the  pit  cleaning  it.  At  a  few  plants  the  skip 
car  is  chained  when  men  are  in  the  pit. 

Accidents  similar  to  Nos.  3,  8,  and  9  have  suggested  the  follow- 
ing safeguards,  which  are  widely  employed :  The  use  of  a  sheet-iron 
guard  outside  the  skip-track  rails;  covering  the  bottom  of  skip  hoists 
with  sheet  iron  (see  PL  III,  A  and  5),  and  the  use  either  of  a  shield 
to  stop  flying  rivets  or  the  provision  of  a  warning  sign  in  the  path 
of  the  flying  material. 

Accidents  12  and  13  happened  to  men  with  5  and  10  years'  experi- 
ence, and  illustrate  the  danger  inherent  in  the  loss  of  control  of 
heavily  loaded  ore  barrows.  Several  superintendents  have  stated 
that  when  a  furnace  is  started  with  a  comparatively  new  crew  in 
the  teock  house,  they  always  experience  a  series  of  accidents  with 
hand  barrows,  the  number  decreasing  as  the  men  acquire  deftness. 
In  telling  new  men  how  to  be  cautious,  accidents  similar  to  these 
are  of  use  as  illustrations. 
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Accidents  like  No.  14  occur  rarely  but  persistently  and  are  usually 
serious.  The  only  effective  method  of  preventing  bums  from  a  steam 
exhaust  or  similar  line  is  the  provision  of  danger  tags  or  locks  to  be 
placed  at  a  steam  valve  when  work  is  to  be  done  on  the  line  beyond 
the  valve. 

FUBNAGE  TOP. 

1.  Laborer,  with  three  other  men  uuder  direction  of  foreman,  was  deaning 
furnace  top  and  was  severely  asphyxiated  by  gas  escaping  from  about  the  try 
hole.    D. 

2.  I^rryman's  helper  was  helping  remove  a  piece  of  scrap  that  was  stuck 
between  the  bell  rod  and  the  hopper  throat.  Was  overcome  with  gas  and  fell 
from  top  of  receiving  hopper  to  top  platform.    C. 

3.  Stock-hotise  foreman  had  opened  manhole  on  gas  seal  over  big  bell  and 
was  looking  in  to  observe  distribution  of  ore  on  bell  when  gas  ignited  and 
c^xploded,  burning  face.    D. 

4.  Larry  mil  ii's  helper  was  cleaning  top  platform.  Cleanings  were  shoveled 
in  through  gas-seal  door  iind  gas  exploded  inside  and  blew  them  out  of  the 
door  over  man's  face.    D. 

5.  Three  men  were  sent  to  top  of  furnace  to  remove  scrap  caught  between 
little  bell  and  its  seat.  Door  on  gas  seal  was  opened  to  loosen  scrap,  and  a$ 
the  door  was  opened  gas  exploded.    D. 

6.  Furnace  was  shut  down  for  changing  cooler.  Water-seal  valves  were 
filled,  isolating  furnace,  and  stock-house  men  were  sent  on  top  to  clean  up 
ibout  platform  and  explosion  doors.  An  explosion  occurred  in  the  farnace 
above  the  stock  line  and  blew  one  man  from  an  explosion-door  platform  to  the 
ground.    A.  . 

7.  As  rigging  gang  was  placing  new  plate  in  receiving  hopper,  man  fell 
from  top  of  the  hopper  to  the  furnace-top  platform.    A. 

8.  Ulgger  was  carrying  chain  up  ladder  to  platform  over  liopper  when  he 
tflipl)ed  and  fell.    D. 

9.  Man  employed  In  repairing  top  rigging  had  scale  blow  in  eye.  Scale  was 
removed  by  fellow  workman  and  infection  resulted.    B. 

10.  Sweeper  dumped  barrow  into  hopper  and,  in  pulling  it  back,  barrow 
Kwung  and  scraped  hand  against  side  post.    C. 

The  furnace  top,  in  the  past  notoriously  dangerous  because  of 
escape  of  gas,  has  become  less  dangerous  on  account  of  the  tight  con- 
struction now  in  vogue.  To  men  working  about  the  top  platform, 
the  only  menace  from  escaping  gas  is  usually  from  gas  escaping 
from  the  try  hole.  It  is  the  practice  at  a  few  plants  to  keep  on  the 
furnace  top  a  quantity  of  asbestos  rope  with  which  to  pack  the  ti^ 
hole  when  men  are  cleaning  or  examining  the  top  platform  sheave 
wheels,  rodding  holes,  or  operating  cylinder&  This  simple  safe- 
guard is  efficient  and  is  to  be  recommended. 

When  it  becomes  necessary  to  work  about  the  receiving  hopper 
or  on  the  sheave-wheel  platform  on  top  of  the  receiving  hoppers, 
men  are  not  uncommonly  exposed  to  gas.  In  1914  three  accident*^ 
from  this  cause  occurred.  In  one,  while  a  millwright  was  repairing 
the  telltale  on  the  sheave-wheel  platform,  he  was  overcome,  and 
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it.    SKIP  INCLINE  ADEQUATELY  PROTECTED. 
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his  helper  started  to  assist  hi«i  down  the  ladder  to  the  top  platform. 
Both  fdl  about  18  feet.  The  helper  lost  2  days  and  the  millwright 
'240  days.  Another  man,  while  oiling  the  sheave  wheels  over  the 
receiving  hopper,  was  overcome  and  fell  in  attempting  to  descend, 
receiving  a  fractured  skuil  and  rib,  necessitating  a  long  layoff. 

On  account  of  the  imperfectly  tight  seal  of  both  big  and  little  bells 
against  their  seats,  work  of  the  above  description  should  not  be 
undertaken  until  the  stock-house  foreman  has  been  notified  and  until 
a  round  of  ore  has  been  charged  onto  the  big  bell,  with  the  last  skip 
load,  preferably  of  fine  ore,  on  the  little  bell,  to  seal  them  as  much 
as  possible.  The  bells  should  not  be  operated  while  the  men  are' 
on  top.  Two  men  should  be  assigned  to  even  the  most  trivial  routine 
or  occasional  job  on  the  furnace  top,  as  it  is  impossible  to  foresee 
dangers  from  escaping  gas.  A  millwright  going  alone  to  the  top 
of  a  modem  furnace,  in  direct  contravention  of  a  long-standing  rule, 
was  found  fatally  asphyxiated  by  his  helper,  who  followed  him  a 
few  minutes  later.  This  accident  occurred  in  1916  in  another  State 
and  indicates  the  imperative  necessity  for  strict  adherence  to  the 
practice  of  having  two  men  on  such  work. 

For  the  use  of  men  on  top,  who  arc  in  danger  from  gas,  there 
should  be  installed  a  signaling  device,  preferably  an  electric  gong 
placed  in  the  cast  house  and  operated  from  the  top  only.  One  plant 
has  a  good  practice  of  requiring  a  brief  signal  to  be  given  every  10 
minutes,  the  omission  of  the  signal  being  notification  to  the  stove 
tender  to  investigate.  At  a  few  plants,  for  work  around  tops  where 
excessive  quantities  of  gas  escape,  or  for  work  for  a  few  minutes  in 
a  locally  gaseous  atmosphei'e  about  or  over  the  hopper,  half-hour 
oxygen  breathing  apparatus  are  used  with  success. 

When  it  is  necessary  to  examine  the  big  bell  through  a  gas-seal 
door  while  the  furnace  is  in  operation,  or  if  it  is  the  practice  to 
shovel  top  cleanings  into  the  big-bell  hopper  through  a  gas-seal  door, 
the  gas  should  be  lighted  by  throwing  in  a  bunch  of  burning  oily 
waste.  This  should  be  thrown  from  a  distance  of  at  least  6  feet  or 
should  be  put  in  with  a  long  rod.  When  the  gas  has  ignited,  a  gas- 
seal  door  on  the  opposite  side  should  be  opened  and  the  little  bell 
lowered.  The  gas  should  be  kept  burning  by  keeping  a  bunch  of  oily 
waste  continually  burning  inside  the  hopper.  This  practice  prevents 
»n  accumulation  of  gas  and  air  in  explosive  proportions.  Such  mix- 
tares  explode  violently  even  in  the  absence  of  any  flame  and  at 
temperatures  usually  considered  below  the  ignition  point.  Specula- 
tion on  the  cause  leads  nowhere;  the  condition  is  well  known,  and 
accident  is  prevented  by  keeping  the  gas  burning  inside  the  gas  seal. 

Opening  gas-seal  doors,  which  must  be  done  before  the  gas  can  be 
lighted,  is  not  usually  dangerous,  provided  it  is  done  quickly  and  the 
inen  get  away  immediately.    The  little  bell  should  be  kept  shut  to 
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prevent  an  induced  draft  of  air  into  the  gas  seal.  When  the  little 
bell  is  wedged  open  by  a  piece  of  scrap,  the  work  must  be  approached 
with  caution,  as  the  gas  is  apt  to  be  unduly  hot  on  account  of  enforced 
delay  in  charging,  and  on  that  account  is  more  apt  to  explode  when 
the  gas-seal  door  is  opened  and  air  is  drawn  in  by  the  open  little 
bell.  The  most  efiec^ive  safeguard. against  an. explosion  undfir  thesD 
conditions  is  a  f-inch  or  ^-inch  steam  connection' to  the  gas  deal.  Ths 
seal  can  then  be  filled  with  steam  before  the  doors  are  opened.  How- 
ever, when  the  little  bell  is  blocked  with  scrap,  it  is  safest  to  take  the 
blast  off  from  the  furnace,  draft  the  gas  back  through  a  stove,  and 
turn  steam  into  the  dust  catcher,  the  furnace  being  isolated  by  water- 
seal  valves  from  others  in  operation;  a  single  furnace  should  have  all 
burners  shut.  The  big  bell  is  kept  shut,  the  little  bell  being  open. 
The  gas-seal  doors  can  be  opened  within  a  few  minutes  with  no  danger 
either  of  explosion  or  asphyxiation.  The  vital  point  is  a  steam  con- 
nection of  adequate  size.  Three  inches  may  be  fixed  as  standard; 
there  are  a  few  4-ineh  conneotion^.  J.  W.  Dougherty  as  entitled  to 
credit  for  the  impetus  and  publicity  given  this  practice. 

The  accident  resulting  fatally  shows  that  gas  explosions  at  the  top 
may  be  of  considerable  violence.  That  they  usually  are  not  is  beside 
the  mark.  Preparations  are  necessary  always  to  prevent  the  explosion 
assuming  serious  proportions  Even  with  the  furnace  drafted  back 
there  is  usually  a  somewhat  vigorous  generation  of  gas  within  the 
furnace,  sometimes  sufficient  to  give  a  strong  flame  at  the  bleeders 
or  burner  if  one  or  two  are  left  turned  on.  Consequently,  there  is 
likely  to  be  an  accumulation  of  gas  above  the  stock  line,  or  top  of 
the  burden,  in  the^  furnace.  When  the  furnace  top  is  opened,  either 
at  the  gas  seal  and  bells  or  at  the  bleeders  and  explosion  doors,  and 
air  enters,  there  is  every  probability  of  a  sharp  explosion.  Even  when 
a  door  on  the  gas-main  system  remote  from  the  furnace  top  is  opened 
and  air  is  drawn  up  to  the  top  by  draft  through  an  open  bleeder  an 
explosion  is  probable. 

When  a  furnace  is  shut  down  for  changing  a  plate,  cooler,  or 
tuyere  which  have  been  leaking  badly,  work  on  top  is  extremely  dan- 
gerous, unless  the  most  stringent  precautions  are  taken.  While  the 
furnace  is  thus  shut  down  the  hydrogen  content  of  the  furnace  gas 
will  be  higher.  Instead  of  being  2  to  6  per  cent,  it  may  be  as  high 
as  16  per  cent,  and  has  been  found  to  be  more  than  30  per  cent  The 
hydrogen  makes  the  furnace  gas  unusually  explosive,  and  the  gas  may 
be  "  wild '' ;  that  is,  coming  off  in  unduly  large  volume.  As  a  gen- 
eral rule,  work  about  hoppers,  bleeders,  and  explosion  doors  should 
be  left  until  later  unless  the  work  is  imperative.  Cleaning  the  top 
can  not  be  said  to  be  in  this  class  and  is  better  left  for  some  other 
time.    If  the  work  must  be  done,  the  bells  and  the  explosion  doors 
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should  be  opened  and  the  gas  on  top  of  the  stock  line  should  be 
lighted  with  burning  waste,  either  dumped  in  by  the  skip  or  thrown 
in  by  hand;  the  gas  should  be  kept  burning,  and  some  one  should 
be  stationed  to  see  that  it  does  bum,  and  to  keep  a  fire  of  waste 
going,  throwing  in  the  waste  through  the  bell.  The  alternative  is  the 
use  of  steam* 

To  provide  security  for  men  replacing  wearing  plates  or  removing 
obstructions  in  the  hopper,  a  pennanent  platform  should  be  provided. 
It  is  provided  at  some  plants,  but  is  far  from  being  standard  equip- 
ment 

WOBK  IKSZDB  FUBNACE  ABD  OB  FXTBNACB  SBXLL. 

The  work  inside  the  furnace  stack  is  confined  to  constructicm  and 
relining,  and  accidents  for  the  most  part  occur  in  connection  with 
work  on  scaffolding,  handling  brick,  rigging,  and  salamander  re- 
moval. 

L  As  laborer  was  loading  brick  from  pile  of  brickbats  pulled  from  Inside 
farnace,  large  tile  rolled  onto  foot    C 

2l  Laborer  was  picking  up  brick  from  pile  when  one  rolled  down  on  hand.    D. 

8.  Laborer  was  piling  brick  inside  famaoe  and  caught  fingers  between  two 
beaYy  shapes.    D. 

4.  Brick  fell  from  tub  while  it  was  being  hoisted  and  hit  laborer  on  head.    IX 

5.  As  laborer  was  piling  brick  in  bucket,  brick  fell  off  working  platform  above 
ODto  arm.    C 

6.  Laborer's  hand  caught  between  bails  of  tubs  as  he  was  guiding  empty  to 
one  side.    D. 

7.  As  bricklayer  was  cutting  brick,  fellow  workman  bumped  elbow,  causing 
him  to  cut  palm  of  hand.    G. 

8.  Small  spall  of  brick  being  cut  by  workman  embedded  itself  in  eyeball  of 
fellow  workman  near  by.    D. 

9.  While  laying  brick,  man  reached  for  brick  just  as  helper  put  down  armful ; 
tmod  bruised.    D. 

10.  Laborer  was  tearing  lining  out  of  bleeder,  standing  on  lining  inside  pipe 
is  he  dislodged  the  brickwork.  He  missed  his  footing  and  fell  through  the 
bleeder,  bruising  leg,  body,  and  face.    D. 

IL  Man  on  scaffold  outside  of  furnace  shell  fell  when  scaffold  broke,  falling 
about  24  feet.    B. 

12.  While  riveting  from  scaffold,  rigger  walked  to  end  of  board  which  was 
Dot  fastened  down.    Board  tilted,  causing  man  to  fall.    A. 

13.  Five  men  were  working  on  stack  scaffold  when  it  collapsed,  throwing 
two  men  to  the  ground.  The  others  grasped  the  top  of  the  plate  work  on  which 
they  were  working  when  they  felt  the  scaffold  going.  A  severe  storm  had 
weakened  the  scaffold  on  which  14  men  had  previously  worked,  and  its  condl- 
don  was  not  observed.    One  A  and  one  B. 

14.  Two  men  lowering  steel  plate  received  injuries  when  the  tackle  broka 
Both  D. 

15.  Man  was  holding  bar  for  another  to  strike  and  was  hit  In  chest,  on 
•coount  of  standing  on  the  same  side  as  the  hammer  man.    D. 
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16.  Helper  was  (figging  out  rubUsb  aad  .l^rick  inside  hearth  and  was  over- 
come with  heat    D. 

17.  Hand  of  man  holding  drill  for  drilling  hole  In  salamander  became  lu- 
fected  from  contusions  and  blisters.    D. 

18.  Rigger  was  standing  on  plank  drilling  hole  for  dynamite  in  salamandef^ 
when  plank  turne<l,  letthig  foot  down  Into  hot  water.  In  getting^  out,  ptit  other 
foot  In.    0. 

19.  Man  was  struck  by  piece  of  iron  tlylng  from  blast  in  a  salamander.    D. 

* 

For  pulling  brick  from  the  furnace,  men  should  be  given  long 
hoes  to  enable  them  to  stand  away  f rem  bricks  tunj^bling  and  rolling 
down  the  face  of  the  pile.  When  men  are  loading  and  wheeling 
brick  away  from  a  pile,  the  "  straw  "  or  "  shift "  boss  in  charge  at 
the  bottom  should  have  the  men  keep  the  brick  pulled  down  to  pre- 
vent a  steep  slope  on  the  face  of  the  pile. 

The  falling  of  bricks  from  hoist  tubs  and  dowA  through  shafts 
from  the  working  platform  can  be  prevented  by  cane  in  loading, 
or  by  using  a  tub  with  a  cover  attached  to  the  bail,  the  cover  closing 
automatically  when  the  hoist  is  made.  The  working  platform  should 
be  provided  with  trapdoors  over  the  bucket  shaft,  and  also  over 
tl^e  ladder  shaft,  to  prevent  the  falling  of  brick.  (See  PI.  IV,  A,) 
.  Injuries  occurring  from  liandling  material  can  be  eliminated  only 
by  not  rushing  the  work  too  fast,  and  by  carefulness  in  taking  brick 
fti^om  the  chutes  and  in  laying  them  on  the  pile  or  bucket.  In  laying 
brick,  the  usual  hazard  is  injury  to  the  eye  from  flying  pieces  caused 
by  chipping  or  cutting  the  brick  to  shape.  Many  plants  now  furnish 
goggles  to  bricklayers  if  cutting  is  necessary.  Other  injuries  are 
caused  by  accidental  hitting  of  the  hand  with  the  mason's  hammer 
or  by  having  the  hand  caught  between  brick  in  handling  them. 

Scaffolds  {PL  IV,  B)  should  be  erected  and  inspected  with  great 
care.  The  injury  from  a  fall  is  often  out  of  all  proportion  to  the 
height  of  the  scaffold.  Thus  two  men  fell  from  a  height  of  only  13 
feet  when  a  hemlock  board  broke  inside  a  furnace.  One  man  had 
both  ankles  broken,  entailing  a  disability  of  104  days;  his  companion 
lost  11  days  from  concussion  and  laceration  of  scalp. 

The  construction  of  temporary  and  emergency  scaffolds  is  some- 
times left  to  millwrights,  riggers,  or  handymen,  and  any  material 
available  is  hastily  utilized.  This  practice  leads  to  makeshift  scaf- 
folding, weak  in  uprights,  and  with  knotty,  cracked  flooring.  Only 
experienced  and  reliable  men  should  be  employed  in  the  construction 
of  scaffolds,  and  the  master  mechanic  should  delegate  to  some  com- 
petent carpenter  the  duty  of  inspecting  scaffolds  before  they  are  used. 
The  most  desirable  lumber  is  long-leaf  yellow  pine.  It  should  be 
free  from  cross-grain,  knots  in  groups,  or  decay.  When  the  span  is 
12  feet  or  less,  planks  should  be  not  less  than  12  inches  wide  by  If 
inches  thick.  For  a  span  that  is  between  12  and  20  feet,  planks  not 
less  than  12  inches  wide  by  2f  inches  thick  should  be  used.    When 
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more  than  two  men  are  to  work  on  the  scaffold,  a  center  support 
should  be  provided  every  8  feet.  The  planking  should  cover  the  en- 
tire span  between  supports,  and  should  not  project  more  than  12 
inches  at  each  end  of  the  span.  Preferably,  planks  should  be  nailed 
down;  otherwise,  to  prevent  the  plank  from  slipping  sideways,  a 
hole  should  be  bored  at  each  end  of  the  plank  and  into  the  support,- 
and  a  bolt  placed  in  each  hole.  Scaffolds  more  than  6  feet  from  the 
ground  should  have  a  railing,  which  should  inclose  the  three  sides, 
away  from  the  working  side,  and  be  directly  over  the  supports  at  the 
extreme  ends  so  that  men  can  not  walk  out  too  far  slnd  tilt  the  plank 
up.  The  uprights  should  be  2  by  4  inches  for  scaffolds  less  than  25^ 
feet  high,  and  4  by  4  inches  if  25  to  50  feet  high,  and  if  repairs  or 
construction  work  is  to  be  carried  on  from  the  scaffold  and  if  brick 
or  metal  work  is  to  be  placed  on  it,  a  table  of  safe  loads  should  be 
consulted  and  the  scaffold  made  as  much  stronger  as  required. 

Swing  scaffolds  are  preferably  suspended  by  wire  rope,  which 
should  not  be  less  than  one-half  inch  in  diameter.  The  eye  of  the 
cable  should  be  passed  about  a  thimble  and  be  secured  by  not  less 
than  two  rope  clamps.  Needle  beams,  if  of  wood,  should  be  ac  least 
4  by  6  inches,  or,  if  of  pipe,  the  pipe  should  be  4  inches  in  diameter. 
Eyebolts  through  wooden  needle  beams  should  have  the  nuts  secured 
by  a  split  pin,  or  provision  should  be  made  to  prevent  the  ropes  slip- 
ping off  the  ends  of  either  wooden  or  pipe  beams. 

Before  men  go  on  the  scaffold  to  work,  it  should  be  tested  for 
strength  at  twice  the  load  it  is  to  carry*  and  a  man  should  be  ap- 
pointed to  inspect  it  at  frequent  intervals.  The  men  working  on  the 
scaffold  should  also  inspect  it  and  satisfy  themselves  that  it  is  safe, 
but  as  many  workmen  are  incompetent  to  judge  as  to  its  safety,  the 
primary  responsibility  should  be  with  the  master  mechanic  or  man  to 
whom  the  duty  of  supervision  is  delegated. 

Work  on  scaffolds  should  be  carried  out  deliberately  enough  so 
that  false  steps  are  avoided.  Loads  should  be  brought  down  gently, 
not  suddenly  or  heavily,  and  no  heavy  castings  should  be  leaned 
against  the  uprights. 

In  1914  one  man  was  killed  and  several  others  were  injured  while 
springing  holes  in  a  salamander.  This  work  consists  in  enlarging 
the  bottom  of  a  row  of  1-inch  or  1^-inch  holes,  previously  drilled 
in  the  metal,  by  setting  off  in  them  constantly  increased  charges  of 
dynamite,  starting  with  a  half  stick  and  working  up  slowly  to 
two  or  three  sticks  per  hole  until  a  crack  develops  along  the  row  of 
holes.  Then  a  heavy  charge  is  placed  in  the  holes  and  fired,  the. 
object  being  to  split  the  salamander  along  an  axis.  This  work  is 
dangerous  if  the  holes  are  not  thoroughly  flushed  with  water  be- 
tween each  charge  in  order  to  dissipate  any  heat  imparted  to  the 
walls  by  the  explosion  of  the  preceding  charge.    It  is  also  dangerous 
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if  the  salamander  is  not  thoroughly  c<K)led  off  before  the  dynamite 
is  charged.  At  temperatures  above  175°  F.,  dynamite  becomes 
ticutely  sensitive  to  shock  or  to  spontaneous  ignition,  and  a  great  risk 
is  taken  when  dynamite  is  charged  in  a  salamander  above  that  tem- 
perature. Before  the  hole  is  charged,  the  temperature  should  be 
determined  by  lou^ring  a  ^letal-inclpsed  thermometer  ;into  it;  if 
^^  springing ''  oT  ^'  chambering  "  is  piracttced,  the  h<de  ^ould  be  cooled 
with  water  and  its  temperature  should  be  determined  with  a  ther- 
mometer at  frequent  intervals.  The  temperature  should  not  be  de- 
termined by  putting  a  wooden  stick  or  pocket  rule  down  into  the 
hole  to  see  whether  it  chars,  because  the  temperature  at  which  wood 
chars  is  too  high  for  safety.  When  the  holes  become  persistently 
hot,  the  only  even  moderately  safe  practice  is  to  roll  each  cartridge 
in  a  sheet  of  thick  asbestos  paper,  with  a  wad  of  loose  a^Mstoe 
at  the  bottom,  and  to.lower  it  thus  insulated. 

If  dynamite  is  charged  loose  and  stemming  is  employed,  it  is  abso- 
lutely essential  to  use  a  wooden  tamping  bar.  Although  metal  bars 
are  sometimes  used  in  earth,  they  will  inevitably  set  off  charges  if 
they  are  used  in  metal-inclosed  holes. 

Shot  Bring  is  almost  universally  done  with  a  firing  machine.  Pre- 
<!aution  should  be  taken  not  to  use  a  greater  number  of  detonators 
than  the  rated  capacity  of  the  machine.  The  detonators  should  be 
connected  in  series,  and  the  ends  of  the  lead  wires  should  remain  dis- 
connected from  the  machine  and  in  the  hands  of  a  responsible  assist- 
ant until  the  foreman  has  made  all  connections  to  the  charges  in  the 
salamander,  has  given  warning,  has  stationed  guards,  and  has 
reached  the  detonating  machine.  The  lead  wires  should  always  be 
carefully  examined  each  time.  It  is  better  to  get  new  wires  than 
to  twist  broken  ends  together  or  to  patch  defective  insulation,  for 
any  unnecessary  resistance  or  grounding  in  the  wires  makes  the 
<diance  of  misfire  more  probable.  A  misfired  cartridge  or  charge  in 
a  salamander  is  probably  one  of  the  most  dangerous  misfires  with 
which  one  can  contend,  because  the  heat  in  the  salamander  is  apt  to 
set  it  off  after  the  danger  is  thought  to  be  past,  and  while  attempt 
is  made  to  remove  it  or  to  set  it  off  again  by  digging  down  to  it 
through  the  stemming,  or  by  drilling  a  new  hole  near  it.  Some  plants 
use  the  electric-light  circuit  with  success  to  set  off  charges. 

Both  on  account  of  the  danger  to  furnace  colunms,  and  to  life  and 
limby  the  hearth  should  be  inclosed  (PL  Y,  J.).  Men  should  be  sta- 
tioned at  every  approach  to  the  cast  house,  but  out  of  range  of  flying 
pieces,  to  prevent  any  unwary  employees  from  approaching.  A  curi- 
ous employee  wandered  into  a  central  Pennsylvania  cast  house  just 
as  a  blast  was  set  off.  A  flying  fragment  of  salamander  took  off 
the  seat  of  his  trousers,  causing  no  injury  except  considerable  shock. 


A.  HANGING  BULKHEADS  MADE  OF  RAILROAD  TIES.  COMPLETELV  INCLOSING  HEARTH 
JACKET  DURING  BLASTING  OF  SALAMANDER;  WOODEN  PROTECTION  ON  FURNACE 
COLUMNS. 


B.    CAST  HOUSE  AND  FURNACE  BOSH. 
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In  the  past  several  fatalities  have  occurred  in  blasting  salamanders, 
and  it  has  become  the  policy  of  several  companies  to  employ  con- 
tractors specializing  in  such  blasting,  who  do  the  work  more  quickly 
and  efficiently  and  also  more  safely  than  is  possible  by  members  of 
the  furnace  force  who  only  infrequently  encounter  the  job. 

THE  FuikNACE  FBONT. 
BUSTLR  PIPE  AND  TUYERES. 

Eleven  of  the  total  of  30  accidents  reported  from  about  the  base 
of  the  furnace  resulted  from  hand  labor  or  the  use  of  hand  tools. 
However,  the  work  was  peculiarly  characteristic  of  furnace  duties 
and  the  circumstances  should  be  of  interest. 

L  Tnyftre  man  was  cleaniDg  and  testing  bosh  plate  and  let  it  fall  on  foot.    D. 

2.  BoUer  maker^s  lielper  was  placing  bosh  plate  in  furnace  with  block  and 
tackle  when  the  hitch  slipped,  causing  him  to  fall.    D. 

3.  Laborer  on  scaffold  pulling  plate  allowed  plate  to  fall  on  foot    G. 

4.  Handy  mtm  sat  down,  on  bustle  pipe  to  pull  on  iVr^nch,  which  slipped, 
causing  him  to  fall  ofT  bustle  pipo.    B. 

5.  Hot-blast  man  was  tightening  bridle  spring  when  wrench  slipped  off 
aut    D. 

&  Larry  man  was  helping  change  blowpipe,  and  pipe  fell  on  his  foot    D. 

7.  Keeper  was  using  bar  to  guide  blowpipe  into  tuyere  seat  and  bar  slipped, 
flpraining  wrist    D. 

8.  Keeper  was  holding  bar  to  cut  iron  from  tuyere  while  helper  sledged. 
Helper  missed  bar  and  sledge  landed  on  great  toe  of  keeper.    O. 

9.  Bottom  filler  was  prying  cinder  from  inside  cooler,  when  a  heavy  piece 
rolled  out  onto  hands.    D. 

With  the  exception  of  the  fall  from  the  bustle  pipe,  which  occurred 
when  the  pipe  was  equipped  with  only  a  single  hand  rail,  without 
intermediate  rail,  toeboard,  or  platform,  the  accidents  are  typical 
of  the  hazard  of  the  work  in  changing  cooling  equipment  and  clean- 
ing up  messes  or  plugged  tuyeres.  Cooling  equipment  is  heavy,  vary- 
ing from  the  110-pound  tuyere  or  the  165-pound  cooling  plate  up  to  a 
600-pound  cooler,  so  that  being  caught  beneath  by  the  appliances  is 
apt  to  cause  serious  injury.  Sledging,  bar  work,  and  wrenches  also 
contribute  a  share  of  injuries-  There  is  a  better  opportunity  for 
supervision  of  awkward  or  unskillful  methods  of  work  about  the 
furnace  front,  where  work  is  almost  always  done  under  the  super- 
vision of  a  blower  foreman,  than  at  the  trestle  or  stock  house,  where 
men  are  scattered  along  the  entire  length  doing  routine  or  minor 
emergency  jobs  away  from  the  eye  of  any  foreman. 

The  remaining  accidents  are  typical  of  furnace  hazards. 

10.  Hot-blast  man  was  blowing  dirt  from  eyesight,  and  as  he  lifted  the  eye- 
sight hot  dust  blew  under  goggle  shield,  burning  eyelid.    D. 

VL  As  helper  was  picking  out  tuydre  and  blowpipe  with  long  bar  throng  eye- 
sight hole,  dDder  blew  out,  barnlng  neck,  face,  and  hand.    D. 
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12.  Blower  was  looking  in  eyesight  when  the  glass  blew  out,  blowing  dust 
and  h«i^  glua$s  in  eye.    C. 

13.  Tuyere  man  was  loosening  not  on  bridle  rod  before  crew  put  bar  in  eye- 
sight to  hold  the  tuyere  stock  up  age  lust  the  pipe.  Blowpipe  fell  and  gas  blew 
out,  burning  face  and  ear.    D. 

14.  Helper  had  hold  of  crossbar  to  help  take  down  blowpipe  when  tuyere  man 
turneil  wnt^r  in  tuyere.  Ksc*aping  steam  and  hot  water  from  discharge  scalded 
back.    D. 

15.  Helper  was  in  the  act  of  removing  a  discharge  pipe  of  cooler  in  which 
the  water  had  been  turned  off  when  some  one  opened  the  feed  and  escaping 
steam  scalded  abdomen.    B. 

16.  Blower  was  claying  up  tuyere  and  the  gas  pressure  was  so  strong  that  It 
blew  hot  coke  from  the  opening,  a  piece  falling  into  top  of  man's  shoe.    D. 

17.  As  stove  tender  was  helping  plug  tuyere  gas  blew  out.  burning  face  and 
arm.    D. 

18.  Keeper  was  cleaning  out  cooler  seat  before  inserting  tuyere  when  an 
explosion  of  gas  at  the  top  caused  flame  and  hot  coke  to  shoot  out  of  the  tuyere 
opening.    C. 

19.  As  blower  was  taking  the  blast  from  furnace,  cinder  came  back  and 
burned  through  blowpipe,  and  as  he  ran  to  lever  to  throw  mud-gun  clamp  down, 
cinder  ran  near  him  and  one  of  crew  turned  hose  on  It  to  chill  it.  Steam  scalded 
ankle.    D. 

20.  Second  heli)er  was  lying  on  bench  under  blowpipe  when  cinder  came  back 
and  burned  through  the  pipe,  burning  neck.    C. 

21.  Tuyere  had  been  turned  down  on  account  of  leak.  First  helper  was  get- 
ting mud  gun  ready  for  cast,  standing  near  tuyere,  when  iron  suddenly  came 
back  in  pipe  and  burned  it,  and  flame  and  molten  Iron  blew  over  man.    B. 

22.  Helper  was  playing  water  on  blowpipe  and  tuyere  in  which  the  iron  was 
coming  back.  Blowpipe  and  tuyere  burned  and  the  molten  Iron  exploded  in  con- 
tact with  the  water,  blowing  tuyere  out  and  burning  helper  on  shoulder,  arm, 
and  back.    B. 

23.  Furnace  millwright  and  hot'blast  man  were  on  scaffold  at  bosh  arranging 
to  change  cooling  plate.  The  blast  was  on  and  the  plate  blew  out  on  account  of 
loosening  brace.  Both  men  were  thrown  from  scaffold,  one  fracturing  collar 
bone  and  other  receiving  burns.    Both  B. 

Accident  10  could  have  been  prevented  by  providing  the  eye-sight 
cap  with  a  cable  and  pulley,  by  which  the  eye-sight  cap  could  have 
been  lifted  from  a  safe  distance,  or  by  the  use  of  the  stopcock  type 
of  eye  sight  with  long  levei-s. 

Accident  11  would  perhaps  have  been  avoided  if  the  picking  bar 
for  tuyeres,  and  blowpipes  had  had  a  12-inch  or  15-inch  bar  forged  on 
the  end  at  right  angles,  as  is  done  at  several  works. 

Accident  12  could  have  been  prevented  had  the  blower  been  wear- 
ing goggles  or  been  using  a  hand  glass  between  the  eye  sight  and  his 

eye. 

In  regard  to  accident  13,  beyond  giving  the  bridle  nut  not  more 
than  two  turns  to  loosen  it,  the  nut  should  not  be  turned  back  until 
at  least  two  of  the  crew  have  put  their  weight  on  a  bar  inserted  into 
the  eye  sight.  The  bridle  nut  should  not  be  turned  back  at  all  until 
the  blast  is  taken  off  the  furnace  and  the  gaa  drawn  back  or  the 
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relief  valve  opened.  In  1914  a  blowpipe  was  dropped  before  the 
blast  was  off  and  the  workman  was  severely  burned  by  burning  gas 
shooting  out  over  him.    He  suffered  a  disability  of  20  days. 

Changing  tuyeres  is  a  hurry-up  job.  Every  three  minutes  the 
furnace  is  off  ineans  a  loss  of,  say,  a  ton  of  pig  iron.  Crews  are  fre- 
quently in  great  rivalry,  and  the  average  time  for  this  job  is  care* 
fully  kept,  and  not  infrequently  is  posted.  The  danger  of  too  much 
haste  is  self-evident. 

Sometimes,  when  th^  nose  of  the  tuyere  is  burned  away  and  the 
tuyere  is  leaking  badly,  the  water  inlet  is  closed  and  water  is  played 
CD  the  outside  face  of  the  tuyere  to  hold  it  imtil  the  furnace  con  be 
flushed  and  the  blast  taken  off.  Usually  when  the  blowpipe  is 
dropped  the  tuyere  is  red-hot  and  wedged  tightly  in  the  cooler  by 
expansion,  and  it  is  usual  to  turn  on  the  inlet  momentarily  to  chill 
the  copper  seat  That  it  is  essential  to  wait  until  everyone  is  away 
from  the  front  of  the  tuyere  is  evident  from  accidents  14  and  15. 

The  use  of  leggings  or  simply  tight-fitting  shoes  would  have  pre- 
vented the  injury  in  connection  with  accident  16. 

Occasionally  the  wildness  of  the  gas,  or  the  hack  pressure  from 
other  furnaces  on  the  line,  causes  a  Icmg,  intensely  hot  flame  of  gas 
to  be  ejected  from  the  tuyere.  At  such  times  the  work  of  claying 
back  the  tuyere  is  most  difficult,  as  the  flame  may  be  longer  than  the 
stopping  hook,  and  the  force  of  the  flame  ejects  balls  of  clay  thrown 
into  the  tuyere.  At  such  times  the  water  seal  at  the  dust  catcher 
should  be  shut  before  the  tuyere  is  clayed  back.  Many  plants  do 
this  regularly  on  a  tuyere  change,  whether  trouble  is  anticipated  or 
not.  If  the  gas  is  still  very  wild  at  the  tuyfere  and  drafting  back 
through  two  stoves  does  not  relieve  it,  opening  the  top  usually  re- 
lieves the  pressure.  However,  this  expedient  is  not  good  practice, 
because  it  heats  up  the  top  rigging  and  sheave  wheels  and  brasses, 
and  may  weaken  the  skip  cables.  Furthermore,  if  the  furnace  is 
isolated,  it  may  cause  a  ^^  top  shot,"  or  explosion  of  gas. 

Accident  18  illustrates  the  danger  of  keeping  the  top  open  while 
changing  tuy^re&  Such  an  accident  could  happen  also  with  burners 
or  dust-catcher  bell  open,  drafting  air  up  through  the  downcomer. 

The  safest  practice  in  changing  tuyeres  is  to  isolate  the  furnace 
with  a  water  seal,  draft  back  the  gas,  turn  steam  into  the  dust-catcher, 
and,  if  the  gas  is  wild,  open  the  bleeder.  This  procedure  obviates  to 
the  greatest  degree  any  chance  of  a  top  shot  while-  working  at  the 
tuyere.  Instructions  must  be  given  the  bell  operator  not  to  lower 
the  bells  while  work  is  being  done,  as  the  falling  material  from  the 
beU  may  cause  suffidoit  jar  to  eject  gas  or  coke  from  the  tuyere,  or 
a  top  explosion  may  occur.  Care  must  be  taken  to  see  that  the  fur- 
nace has  settled,  or  slipped  if  it  has  been  hanging,  before  the  blow- 
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pipe  is  dropped.  An  accident  in  which  seyeral  men  were  killed 
occurred  many  years  ago  when  the  furnace  slipped  while  men  were- 
working  about  the  opened  tuyeres.  To  facilitate  knowledge  of  the 
condition  of  the  furnace  charge — ^whether  '^iianging,"  "slipped,"  or 
^^down'' — it  is  advisable  to  install  in  the  cast  house  a  signal  light 
operated  by  the  skip  man.  The  simplest  is  a  red  light,  signifying 
"  hanging,"  and  white  light,  signifying  '*  down  "  or  "  slipped." 

Another  precaution  against  ejection  of  flame  and  red-hot  coke 
from  tuyere  openings  while  men  are  working  at  them  is  to  be  sure 
that  the  crew  have  the  tapping  hole  nearly  stopped,  if  the  tuy^e  is 
being  changed  after  a  cast.  Especially  hazardous  is  the  use  of  water 
or  sloppy  clay  for  stopping  the  tapping  hole  while  a  tuyere  is  being 
changed.  In  1914  a  man  wjas  burned  about  the  face  while  claying 
back  a  tuy&re  because  wet  clay  was  used  in  stopping  the  tapping 
hole.  The  wet  clay  caused  an  interior  explosion  of  hot  iron  which 
threw  a  jet  of  flame  from  the  tuyere.  Some  years  previously  a  man 
was  fatally  burned  in  this  manner  in  the  Pittsburgh  district.  It  is 
safest  not  to  change  tuyeres  until  the  tapping  hole  is  stopped. 

Before  the  tuyere  is  pulled,  the  blower  or  keeper  diould  be  as  sure 
as  he  can  be,  judging  from  his  experience,  that  the  coke  at  the  face 
of  the  tuyere  has  been  tightly  and  heavily  clayed  back.  It  is  espe- 
cially necessary  to  make  a  good  job  when  cinder  is  lying  in  the 
furnace.  Cinder  is  sometimes  present  even  when  none  appears  at 
the  monkey,  and  it  runs  out  from  the  tuyere  abundantly  when  the 
attempt  is  made  to  clay  back. 

It  is  safer  for  every  one  who  does  not  have  to  get  close  to  the  work, 
to  stay  on  one  side  while  a  tuyere  is  being  changed.  However,  a 
good  job  of  claying  back  is  absolutely  essential. 

The  danger  from  burning  blowpipes  and  bursting  tuyeres  is  diffi* 
cult  to  control.  The  only  precaution  is  to  stand  to  one  side  as  much 
as  possible  when  pla3ring  a  hose  on  a  tuyere  or  blowpipe  that  threatens 
to  bum  through,  and  never  to  stand  in  front  of  a  tuyere  unless  it  is 
necessary.  Signals  to  the  stock  house  and  the  blowing  room,  as  well 
as  snort-valve  levers  and  electric- burner  connections  should  always 
be  placed  out  of  range  if  possible  and  should  be  protected  by  a 
shield  (PI.  V,  ^)  if  they  can  not  be  put  in  a  safe  place.  Emergency 
signals  should  be  placed  outside  of  or  on  opposite  sides  of  the  cast 
house  for  use  when  the  signal  regularly  used  in  unapproachable  on 
account  of  flying  coke  and  flame  from  a  burned  blowpipe  or  bursting 
tuyfere. 

Analogous  to  the  bad  practice  of  loosening  bridle  rods  before  the 
blast  is  off  is  the  practice  of  removing  braces  or  loosening  bosh 
plates,  preparatory  to  changing  them,  before  the  blast  is  off,  illus- 
trated in  accident  23* 
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Bosh  plates  should  be  secured  in  place  by  braces,  when  they  are 
set  in  plate  boxes,  to  prevent  their  ejection.  The  braces  should  not 
be  removed  until  the  blast  is  off  the  furnace.  Plates  set  in  brick 
arches  are  not  usually  braced  or  otherwise  tied  in,  the  pinching  and 
cementing  effect  of  the  surrounding  brickwork  and  clay  packing 
being  sufficient  to  hold  them  in  place.  Such  plates  should  not  be 
started  with  jackscrews  or  other  pullers  until  the  blast  is  off.  Blow- 
ers should  see  that  such  expedients  are  not  used  on  any  pretext  of 
hurrying  the  work. 

CINDER   NOTCH. 

1.  Keeper  was  using  tapping  bar  to  open  monlcey  when  cinder  flew  and 
burned  foot    Was  wearing  laced  shoes.    D. 

2.  As  keeper  was  opening  monkey,  iron  came  over  with  the  cinder,  burning 
monkey  and  exploding  in  contact  with  water.  Hot  metal  flew  over  keeper's 
Deck  and  body.     D. 

3.  Helper  was  using  picking  rod.  to  remove  obstmction  from  monkey  while 
flushing  cinder.    In  removing  rod,  cinder  flew  into  shoe.    D. 

4.  As  monkey  boss  was  hotting  up,  cinder  splashed  onto  hand.    G. 

5.  Keeper  was  hotting  monkey  and  at  hot  entered  monkey  explosion  occurred* 
throwing  slag  over  keeper's  face.    D. 

6.  As  cinder  snapper  was  hotting  monkey,  helper  held  shield  too  far  toward 
front  of  notch ;  cinder  splashed  onto  cinder  snapper's  shirt,  setting  it  on  fire.    D. 

7.  As  mcmkey  boss  was  hotting  up  he  fell  and  fractured  his  leg.    B. 

8.  Pipe  fitter  was  cleaning  seat  of  monkey  cooler  when  gas  and  coke  blew  out, 
boming  his  face  and  hand.    D. 

9.  Man  was  passing  wood  through  cinder  notch  to  fill  furnace  before  blowing 
in  when  piece  Janmied  and  struck  eye.    D. 

10.  Monkey  boss  allowed*  hot  to  fall  on  foot    O. 

11.  Cinder  snapper  received  fracture  of  Instep  by  **  Welshman  **  falling  off 
tapping  bar.    B. 

Opening  the  cinder  notch  is  perhaps  the  least  hazardous  of  work 
about  the  front.  Small  splashes  of  slag  are  frequently  thrown  out 
but  rarely  come  in  contact  with  the  person.  At  one  plant  a  large 
shield  is  employed.  It  is  carried  by  two  arms  pivoted  on  an  adjacent 
furnace  column.  The  shield  is  used  when  the  notch  is  opened  or 
dosed,  the  tapping  bar  or  picking  rod  being  placed  in  the  cinder 
notch  through  a  hole  in  the  shield.  Small  shields,  from  15  inches 
square  up,  are  also  used  when  the  cinder  notch  is  opened  to  prevent 
small  splashes  of  cinder  reaching  the  man  working  alongside  the 
fall  or  runner.    (See  PL  VI,  A.) 

The  same  type  of  accident  as  Nos.  4,  5,  and  6,  with  little  variation, 
occurred  at  other  plants,  involving  a  cinder  snapper,  a  monkey  boss, 
and  a  keeper,  with  experience  of  2  to  14  years.  The  injuries  caused 
loss  of  time  of  8  to  16  days,  being  burns  of  wrist,  forearm,  face,  and 
feet.  Such  injuries  are  most  effectively  prevented  by  having  men 
wear  welder'a  masks — a  shield  of  fine,  strong  wire  gauze  tied  about 
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the  hat,  and  extending  down  to  the  chest  or  lower  neck  and  back  to 
the  ears — ^gauntlet  gloves,  woolen  or  hard  jean  cloth  cldthing,  and 
tight  shoes.  The  arms  i^ould  not  be  exposed.  It  is  helpful  to  have 
a  plate  shield  alongside  of  the  cinder  fall,  the  end  next  the  notch 
being  far  enough  away  so  that  a  picking  rod  or  bot  can  be  manip- 
ulated. 

Most  of  the  11  accidents  outlined  could  probably  have  been  pre- 
vented had  the  men  been  wearing  proper  clothing  and  been  provided 
with  welder^s  masks.  Similar  accidents  can  be  avoided  by  the  use 
of  an  automatic  bot  of  the  type  shown  in  Plate  VT,  B.  Such  a  bot 
has  been  tried  for  two  years  at  an  increasingly  large  number  of 
plants  and  has  proved  satisfactory  even  with  excessively  heavy  limy 
slags,  and  with  no  danger  of  explosions  when  it  strikes  molten  iron 
•coming  over  the  monkey. 

At  various  plants  cleats  or  ribbed  plates  alongside  the  cinder  fall 
are  provided  to  insure  a  firm  footing.  An  accident  several  years 
ago  shows  the  desirability  of  such  cleats.  A  monkey  boss  slipped 
while  hotting  the  monkey  and  fell  into  the  cinder  fall  or  runner, 
which  was  full  of  cinder.    He  received  severe  burns. 

Regarding  accident  8,  it  is  probable  that  an  attempt  was  being 
made  to  change  the  monkey  before  the  blast  was  off  the  furnace,  in 
order  to  avoid  delay.  Many  accidents  have  occurred  in  this  way. 
It  goes  without  saying  that  such  a  practice  is  to  be  discouraged,  for 
although  the  change  can  be  accomplished  repeatedly  with  impunity, 
sooner  or  later  the  skull  of  chilled  cinder,  set  up  about  the  iponkey, 
is  sure  to  collapse  and  cause  severe  injury. 

Probably  no  amount  of  foresight  on  the  part  of  others  than  the 
injured  men  would  prevent  accidents  like  the  last  three  mentioned. 
Injuries  received  in  the  course  of  handling  tools  and  material  are 
essentially  due  to  some  careless  n>ovement  or  method  of  work.  Con- 
tinual insistence  on  the  need  of  personal  skill  and  caution  throughout 
the  plant  is  practically  the  only  method  of  preventing  such  accidents. 

TAPPING  HOLE. 

1.  Keeper  was  loading  mud  kuu  before  cast,  shoveling  in  clay  wbile  the 
lielper  operated  valve.  Clay  plug}?e<l  in  the  bottom  of  funnel  and  keeper  pnt 
hand  in  to  push  day  down;  phin^^er  came  back  and  cut  off  end  of  middle 
flnper.    C. 

2.  Helper  filled  clay  cylinder  of  jfun  with  water  to  clean  the  cylinder; 
turned  on  steam  to  push  out  the  mud  and  clay;  step|)ed  to  front  and  loosened 
«tifr  day  in  nose  with  bar.    Plug  gave  way,  hot  water  scalding  hand.    D. 

3.  Helper  turne<l  steam  into  cylinder  to  clean  It  The  cylinder  had  been 
^led  with  water,  and  the  hot  mud  shot  out  suddenly  over  a  cinder  snapper  pa«w- 
Ing  In  front  of  gun.    C. 

4.  Cinder  snappier  was  In  trougl),  ridding  up  after  cast.  Helper  was  taking 
gun  from  hole  and  turned  on  Kteam  to  help  swing  gun.  Steam  frmn  exhanst 
t>umed  cinder  snapper's  leg.    O. 
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5.  Helper  was  throwing  clay  into  gun  when  steam  hoee  extending  from  jib  of 
gun  crane  to  valve  burst,  scalding  chest  and  arm.    D. 

0.  First  helper  was  swinging  gun  into  hole.  Nose  of  gun  struck  molten  icon 
in  hole  and  caused  iron  to  explode.    B. 

7.  First  helper  was  swinging  gun  into  hole.  Nose  of  gun  hit  slag  and  iron 
lying  about  hole  and  caused  slag  to  fly  up,  burning  helper's  neck  and 
shoulder.    0. 

8.  A  cinder  snapper  stepped  up  to  gun  to  turn  on  steam  after  gun  had  been 
clamped  in  hole,  splash  of  cinder  blew  from  hole  and  burned  face  and  neck.    D. 

9.  As  keeper  was  operating  valve  on  gun,  cinder  came  back,  flew,  and  burned 
wrist  and  hand.    O. 

10.  Third  helper  standing  between  furnace  column  and  clay  gun  was  throw- 
ing clay  into  cylinder  funnel  of  mud  gun.  As  the  load  in  the  clay  cylinder  was 
discharged  into*  the  hole  and  the  plunger  was  drawn  back,  cinder  and  gas 
tame  back  and  burned  helper.    B. 

Other  accidents  occurring  in  c<Hinectioti  with  closing  the  tapping 
hole  are  discussed  in  another  section. 

Accidents  to  the  feet  or  hands,  like  accident  1,  occur  both  when 
funnels  are  u9od  on  the  clay  hole  and  when  they  are  not.  The  only 
safe  way  of  .loadi4g  the  gun  appears  to  be  to  have  only  one  man  do 
the  work.  This  rule  is  in  effect  at  several  plants,  and  has  not  proved 
impracticable,  as  the  keeper,  or  other  cast-house  man  assigned  to  the 
work,  soon  becomes  adept  at  throwing  and  pulling  the  valve  lever 
trith  his  shovel.  Although  it  would  be  possible  for  him  to  put  his 
foot  into  the  hole  as  he  throws  the  lever,  he  is  not  likely  to  do  so,  and 
the  method  offers  less  chance  of  accident  than  any  other  except  load- 
ing the  gun  from  the  nose,  with  a  wooden  plunger,  which  is  more 
laborious,  slower,  and  perhaps  riot  as  satisfactory. 

As  regards  accident  2,  the  use  of  water  to  loosen  and  clean  out 
stiff  clay  in  the  clay  cylinder  is  common  practice.  Only  the  most 
careless  foremen  would  permit  a  man  to  stand  in  front  while  the 
cylinder  is  l)eing  cleaned.  The  clay  in  the  nose  of  the  gun  is  always 
very  hot  and  is  usually  stiff  from  being  left  in  the  tapping  hole,  with 
the  lower  part  down  inside  the  hot  trough.  It  is  better  practice  to 
pick  out  the  hard  clav  in  the  nose  with  a  bar  before  cleaning  the 
clay  cylinder. 

As  regards  accident  3,  aside  from  the  carelessness  of  the  helper, 
the  management  was  deficient  in  not  having  the  exhaust  from  the 
gun  turned  up  and  to  one  side,  so  that  steam  would  exhaust  away 
from  men  working  in  the  rear  of  the  gun,  either  during  the  cast  when 
the  steam  cylinder  was  being  warmed,  at  the  end  of  the  cast  when  the 
gun  was  swung  to  the  hole  by  hand,  or  after  the  east,  when  men  were 
ridding  up.  the  trough  before  the  clay  in  the  hole  had  set  and  the  g^a 
Was  removed. 

The  fitting  of  the  gun  with  pipe  and  swivel  unions  would  mini- 
mize thft  probability  of  an  aeeident  like  aceident  5.  The  use  of  even 
wire- wound  steam  hose  is  not  regarded  with  favor. 

79704'— IT— Bull. 
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Since  the  introductory  use  of  the  Berg  gun,  in  1913,  it  has  been 
adopted  in  many  plants  because  of  its  efficiency  and  safety.  The 
following  extract,  describing  it,  is  taken  from  an  article  by  Berg :  ° 
The  general  method  of  plugging  a  blast-furnace  tapping  hole  is  to  tat^e 
the  blast  off  the  furnace,  and  stop  the  hole  with  a  clay  gun.  The  clay 
barrel  of  this  gun  is  filled  with  clay  before  the  furnace  is  tapped,  and  when 
all  the  iron  and  cinder  has  been  tapped  and  the  tapping  hole  begins  to 
"  blow/*  the  blast  is  reduced  to  about  5  pounds  pressure*  by  slowing  down 
the  blowing  engines;  then  the  snort  valve  is  opened,  and  sometimes. the 
cold-blast  valve  on  the  stoves  closed  to  take  off  all  blast  pressure  in  order 
to  prevent  gas  from  blowing  out  at  the  tapping  hole,  so  as  to  allow  work- 
men to  insert  the  gun  by  hand  and  force  clay  from  the  gun  into  the  hole 
by  operating  the  three-way  steam  valve  attached  thereto,  and  by  throwing 
small  balls  of  day  into  the  gun  until  the  hole  is  plugged,  when  the  snort 
valve  is  closed  and  blowing  engrines  are  again  signalled  to  go  ahead  at 
operating  speed.  This  performance  ia  not  consistent  with  perfect  safety  of 
the  workmen.    ♦    ♦    ♦ 

The  Berg  gun  is  supported  by  a  boom  attached  to  a  revolving  sleeve  ou 
the  furnace  column  and  swings  in  and  out  of  the  hole  by  steam  cylinders 
through  cables.  It  swings  horizontally  by  the  first  part  of  Its  travel,  ana 
then  a  chain  attached  to  the  rear  of  the  gun  tilts  it  during  the  latter  part 
of  the  travel  until  the  nose  is  on  the  same  elevation  as  the  iron  notch; 
then  the  dogs  on  a  shaft,  turned  by  a  steam  cylinder,  grab  the  gun  and 
move  it  over  the  suspending  trolley  wheel  into  the  iron  notch  and  hold 
it  there  while  the  clay  is  inserted  Into  the  hole;  the  entire  operation  takins; 
only  one"  man,  at  a  safe  distance,  to  handle  the  different  valves.  •  •  • 
The  great  advantage  of  this  gun  over  the  old  method  is,  mainly : 

1.  The  absolute  safety  of  the  workmen,  as  no  men  are  exposed  to  flying 
sparks  of  Iron  or  cinder,  or  the  flames  of  burning  gaa  as  in  the  method 
generally  used,  or  exposed  to  extreme  heat  while  stopping  the  hole.    •    •    • 

2.  Ability  to  stop  the  hole  with  full  blast  on  whenever  the  furnace  is  work- 
ing badly,  with  cinder  or  iron  running  back  in  the  blowpipe.  This  is  some- 
times nearly  inipoasible  with  the  old  method  without  exposing  men  to  the 
danger  of  getting  burned. 

Mention  should  be  made  of  the  Gerwig  automatic  clay  gun.  This 
operates  slightly  differently,  but  is  a  prior  invention. 

The  use  of  automatic  clay  guns  is  advantageous  beyond  question. 
There  is,  however,  little  occasion  for  injuries  of  the  character  noted 
in  connection  with  stopping  the  hole,  as  methods  in  use  at  different 
plants  can  be  combined  to  give  safe  practice. 

Before  a  nonautomatic  gun  is  swung  into  the  tapping  hole  for 
stopping  it  after  a  cast,  the  nose  of  the  gun  should  be  warmed  or 
coated  with  oil  to  prevent  explosions  when  the  nose  of  the  gun  comes 
in  contact  with  any  iron  that  may  be  in  the  tapping  hole.  Warm- 
ing is  usually  done  by  pouring  a  little  hot  sing  over  the  nose  of  the 
gun.  The  pmctice  is  sometimes  criticised  because  if  too  much  heat 
is  applied,  the  heat  is  apt  to  stiffen  the  clay  in  the  nose  of  the  gun. 

•  Berg,  H.  A.,  The  Berg  automatle  day  goa :  Blast  Famaee  and  Bteel  Plant.  Septem- 
ber, 1014,  p.  231. 
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The  dafkger  from  a  ping  of  stiff  clay  is  that  the  stiff  clay  may  cause 
a  "short"  or  "hard"  hole,  or  if  iron  is  laying  in  the  hole,  the  iron 
may  "  come  back  "  or  run  into  the  clay  cylinder  of  the  gun,  and  an 
*•  ironed  hole"  may  be  caused.  Aside  from  the  splash  or  spitting 
back  of  iron  upon  the  men,  there  is  a  possibility  of  breakout  at  the 
tapping  hole. at  the  next  cast,  whim  tl^  hole  is  b^ihg  opened,  also  the 
posvsibility  that  the  hole  will  be  so  obstinate  that  the  cast  will  be 
(telayed  far  beyond  the  usual  time  for  casting.  The  level  of  iron 
within  the  hearth  will  then  become  higher  and  higher,  and  unless 
the  blast  is  taken  off  before  the  iron  gets  up  to  the  level  of  the  cinder 
notch,  there  is  the  probability  that  the  monkey  will  be  cut  by  the 
molten  iron  and  will  explode.  Also,  a  hard  or  ironed-up  hole  dur- 
ing a  cast  causes  increased  danger  of  a  hearth  breakout  as  the  iron 
^ts  higher.  The  downward  and  lateral  pressure  of  the  iron  becomes 
much  greater,  and  consequently  the  iron  tends  to  penetrate  the 
joints,  interstices,  and  cleavage  cracks  of  the  brickwork. 

When  the  end  of  the  gun  is  covered  with  oil  as  a  protective  meas- 
ure, any  heavy  oil  is  used  and  the  nose  is  liberally  daubed  before  the 
gan  is  placed  in  the  hole.  For  some  reason,  even  ice-cold  iron  cov- 
ered with  oil  will  not  cause  an  explosion  when  it  is  plunged  into 
molten  iron. 

Another  excellent  practice  used  at  a  few  plants  is  to  remove  1  to 
3  inches  of  the  clay  at  the  front  of  the  nose  of  the  gun,  and  refill  the 
cavity  with  sand  or  ground  ganister  in  fairly  stiff  mixture  with 
heavy  oil  or  hot  tar.  The  mixture  eliminates  still  further  the  possi- 
bility of  explosions  of  molten  iron  in  the  hole  from  wet  or  sloppy 
clay  at  the  nose  of  the  gun  coming  in  contact  with  the  hot  iron, 
which  may  blow  slag  and  gas  back  on  the  crew.  The  oiled  or  tarred 
sand  acts  as  an  inert  barrier  between  any  poorly  mixed  wet  clay  and 
iron  with  which  it  may  come  in  contact. 

INFREQUENT  TAPPING-HOLE  ACCIDENTS. 

Other  characteristic  accidents,  not  of  frequent  occurrence,  but  of 

snfficient  possibility  to  deserve  mention,  are  as  follows : 

1.  Splashes  of  cinder  or  Iron  caused  by  pushing  the  gun  into  the  hole  before 
the  trough  is  drained.. 

When  the  cold  or  wet  nose  hits  the  molten  material,  an  explosion 
or  splash  may  occur.  This  may  be  avoided  by  giving  the  iron  trough 
sufficient  slope  so  that  the  slag  and  iron  lay  away  from  the  hole 
when  the  iron  and  slag  has  been  tapped  and  the  blast  taken  off  the 
furnace.  It  is  usual  to  drain  the  trough  before  stopping  the  hole, 
but  some  few  plants,  to  save  time  in  stopping  the  hole  or  to  get  a 
better  skim  on  the  slag  and  iron  remaining  in  the  trough,  postpone 
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'draining  until  after  the  hole  has  been  stopped.    An  adequate  dope 
of  the  trough  is  then  essential. 

2.  Explosions  or  splashes  of  Iron  when  the  nose  of  the  gun  Is  placed  in  the 
hole  against  a  stream  of  iron. 

Occasionally  it  is  necessary  to  use  the  gun  to  help  stop  an  unex- 
pectedly large  cast  of  iron.  Explosion  may  be  avoided  -by  having 
the  nose  of  the  gun  oiled,  or  warm  and  dry.  To  prevent  splashes,  \ 
diield  may  be  placed  over  the  nose  of  the  gun,  ahead  of  the  clamp 
bar  (PI.  VII,  A).  The  shield  should  be  shaped  to  fit  in  the  trough, 
being  widened  above  the  trough. 

3.  Flanhes  of  gas  and  splashes  of  cinder  when  stopping  clay  does  not  fill 
tapping  hole. 

The  shield  mentioned  above  is  an  aid  in  preventing  injuries  from 
this  cause.  If  shields  are  not  used,  a  practice  that  should  be  fol- 
lowed is  to  form  a  fairly  large  lump  of  clay  over  the  top  and  side  of 
the  gun  nose.  A  simple  method  of  avoiding  '^  throw-backs  "  of  slag, 
iron,  and  gas  when  the  first  load  of  the  clay  cylinder  is  discharged  is 
to  turn  the  steam  on  by  a  valve  placed  behind  the  column  next  to  the 
tapping  hole.  A  few  plants  use  a  long  hook,  thus  enabling  the  keeper 
to  stand  off  a  considerable  distance  in  shooting  in  the  first  load  of 
clay.  One  superintendent  insists  that  the  keeper  use  this  rod.  not  only 
for  the  first  cylinder  load  of  clay,  but  for  the  second  reloading  and 
discharging.  The  second  helper,  who  has  the  duty  of  supplying  the 
clay  as  the  keeper  works  the  plunger,  should  use  a  long-handled 
shovel  to  throw  the  clay  in  the  funnel,  instead  of  standing  up  under 
the  blowpipe  between  the  gun  and  furnace  column. 

4.  Injuries  received  on  account  of  the  hole  blo\v1n^  hard  when  the  jrun  la 
put  in. 

Such  injuries  are  extremely  rare.  With  few  exceptions,  the  open- 
ing of  the  snort  valve,  at  the  end  of  the  cast,  closes  simultaneously  a 
butterfly  valve  in  the  cold-blast  main,  just  beyond  the  snort  valve  on 
the  hot-blast  stove  side.  Although  the  butterfly  valve  is  not  usually 
^.t  to  close  tightly,  on  account  of  the  apprehension  that  gas  will 
come  back  in  the  hot-blast  main  from  the  furnace,  the  amount  of  air 
blown  into  the  furnace  is  slight,  being  sufficient  to  keep  up  only  an 
inconsiderable  current  in  the  stove  and  blast  line. 

I^ss  in  favor  is  a  relief  valve  on  the  hot-blast  line.  Tliis  valve, 
when  installed,  is  often  clamped  shut  and  never  used.  At  a  few 
plants,  it  is  opened  immediately  after  the  snort  valve  is  opened  in 
order  to  stop  instantly  any  blowing  on  the  hole,  thus  obviating  the 
need  of  putting  the  gun  into  the  hole  while  the  pressure  is  reducing 
through  the  tapping  hole,  or  the  need  of  delay  until  the  flame  dies 
down.  If  relief  valves  are  used  care  is  necessary  in  repairing  them,  as 
in  one  instance  an  explosion  at  the  valve,  with  the  gas  drafted  back 
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past  it  to  a  stove,  knocked  a  millwright  about  16  or  18  feet  to  the 
}mvement  If  the  relief  valve  exhausts  in  the  cast  house,  a  ventilator 
with  hood  immediately  over  the  valve  should  be  provided  to  prevent 
the  fumes  from  rising  about  the  stack,  where  work  may  infrequently 
be  necessary. 

Whenever  the  flame  at  the  tapping  hole  is  strong  and  hot,  it  can 
usually  be  stopped  by  shutting  the  cold-blast  valve  of  the  stove  on 
blast.  The  safest  practice  is  to  shut  it  to  the  position  for  filling  the 
stove  with  wind,  thus  keeping  some  circulation  of  air  in  the  blast- 
main  system.  It  is  never  safe  to  shut  down  the  engines  entirely. 
Some  costly  explosions,  both  to  life  and  property,  have  been  caused 
by  shutting  engines  down  at  cast  time  and  leaving  the  blowpipes 
up  and  the  tuyeres  open.  A  small  quantity  of  wind  is  imperative^ 
unless  automatic  check  valves  are  used,  or  the  stove  is  taken  ofF  the 
blast-main  system.  Even  then  valves  may  fail  to  work  or  some  one 
may  be  negligent  in  his  duties,  when  there  is  every  chance  for  a 
blast-main  explosion.  Well-designed  snort  valves  and  cold-blast 
main  butterfly  valves  do  away  with  causes  for  injury  at  the  tap* 
ping  hole  and  prevent  blast-main  explosions. 

AGCIDEKTS  CX>KK£GT£D  WITH  OPENING  OF  TAPPING  HOLE. 

Nine  of  the  reported  accidents  involved  in  opening  tapping  holes 
were  caused  by  the  use  of  bars  and  sledges.  A  helper  ran  a  sliver 
of  steel  into  his  hand  while  using  a  tapping  bar ;  another^s  hand  was 
hurt  by  splinters  from  a  sledge;  a  keeper  was  struck  in  the  ear  by 
a  sliver  from  a  mushroomed  bar.  While  holding  a  tapping  bar 
one  man  was  hit  on  the  hand,  two  on  the  side,  one  on  the  forehead, 
and  one  on  the  temple.  One  keeper  was  hit  on  the  wrist  by  a  sledge 
flying  off  the  handle.  The  disability  ranged  from  3  to  14  days, 
averaging  6  days. 

Two  men  are  usually  employed  to  hold  a  tapping  bar  in  order  to 
keep  the  bar  jumping  and  to  prevent  it  from  freezing  in  the  skull, 
K)  that  one  man  has  to  be  on  the  same  side  as  the  man  with  the 
sledge.  Broad- face  sledges  of  the* "  Oregon  "  type  are  to  be  pre- 
ferred for  this  work.  Experience  in  sledging  does  not  mean  immu- 
nity from  accident,  for  fatigue  depletes  the  skill. 

One  plant  employs  tongs,  the  bar  being  placed  in  the  hole  and  in 
the  depression  of  a  V  bar,  and  held  by  men  who,  on  opposite  sides, 
grasp  the  bar  with  a  long  pair  of  tongs  and  who  are  enabled,  with 
a  little  experience,  to  hold  the  end  steady.  In  another  plant  the 
bar  is  placed  on  a  crossbar  over  the  trough,  and  is  clamped  down  by 
bars  held  from  opposite  sides.  The  men,  in  addition  to  immunity 
from  blows  of  misdirected  sledges,  are  out  of  the  way  of  any  sudden 
outbreak  of  iron  from  the  tapping  hole. 
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Defective  tools,  such  as  mushroomed  heads  of  bars  and  hammers, 
split  sledge  handles,  loose  sledge  heads,  and  splinters  of  steel  or 
wood,  should  be  looked  out  for  by  the  blower. 

Twenty  injuries  \>ere  due  to  burns,  received  while  men  were  open- 
ing the  tapping  hole.  Six  of  the  injured  men  were  .experienced  in 
opening  the  tapping  hole  with  a  hand  or  chum  diill.  From  four  t^) 
as  many  men  as  can  get  hold  of  the  drill,  which  may  be  24  feet  long, 
are  employed  in  opening  tapping  holes;  usually  six  are  tsmplpyed. 
Three  '*  spells"  or  turns  at  ^'  drilling  up ''  are  commonly  taken.  The 
men  next  the  tapping  hole  are  bent  over,  and  both  their  hands  and 
their  feet  are  exposed  if  the  hole  breaks  through. 

Two  injuries,  burns  of  wrist  from  hot  c4uy  blowing  out  and  burns 
of  ankles  and  feet  from  hot  metal,  were  due  to  the  iron  coming  out 
unexpectedly  on  the  second  '^  spell."  The  disability  was  15  and  ^ 
days. 

Four  injuries  were  caused  by  iron  breaking  or  blowing  out,  un- 
expectedly or  with  unusual  violence,  in  the  third  or  last  spelL  The 
injuries  resulted  in  disability  of  6,  14,  30,  and  30  days,  caused  by 
burns  of  fingers  and  wrist,  arm  and  side,  and  left  and  right  lower 
limbs.  The  experience  of  the  men  injured  ranged  from  3  months  to 
10  years. 

Experience  is  of  little  avail  to  a  man  who  takes  a  chance  in  open- 
ing the  tapping  hole,  though  it  does  contribute  a  certain  intuition 
which  guides  experienced  men  in  the  handling  of  the  drill  as  it 
approaches  the  skull  of  iron.  Some  oldtimers,  however,  will  take 
chances,  not  only  at  the  tapping  hole,  but  everywhere  about  the  fur- 
nace— chances  that  younger  foremen  will  not  assume  themselves  or 
permit  others  to  assume  except  in  most  extreme  necessity.  However, 
the  use  of  a  hand  drill  up  to  the  time  the  iron  comes  through  is  not 
very  good  practice.  Not  only  are  more  men  exposed  to  the  possibility 
of  burns,  but  a  hand  drill  makes  a  bigger  hole,  which  introduces  a 
danger  later  on  in  the  cast.  It  is  much  preferable  to  use  a  tapping 
bar  to  drive  through  the  skull,  after  the  crew  have  drilled  out  the 
clay  in  front  of  it.  If  a  hand  4^111  is  used  to  get  the  iron  out,  the 
splasher  should  be  placed,  and  a  shield  should  be  hung  in  the  trough 
in  front  of  the  splasher.  The  shield  can  be  slotted  to  admit  the  bar. 
A  good  practice  is  to  lay  a  couple  of  sheets  of  corrugated  iron  over, 
the  trough  up  to  the -hearth  jacket,  with  a  hole  punched  in  the  sheet 
next  the  hole  for  the  drill.  The  sheets  should  be  laid  over  boards 
placed  across  the  trough. 

Four  injuries  were  due  to  the  use  of  air  or  electric  drills.  In  one 
case  an  electric  cable  leading  to  a  drill  burned  off  as  the  result  of  a 
short  circuit  and  the  flash  burned  the  keeper^s  hand,  causing  18  days 
lost  time.  Another  keeper  was  burned  by  an  outbreak  in  the  tapping 
hole  just  as  he  was  taking  the  drill  from  the  hole.    He  lost  7  days 
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from  bums  of  arm  and  wrist  The  other  two  injuries  were  receiyed 
while  the  men*  were  still  operating  the  drill  motor,  the  drill  biting 
through  the  skull  and  letting  the  iron  out  unexpectedly.  The  time 
lost  was  10  and  11  days,  caused  by  bums  of  chest  and  arms  and  of 
hand.  - 

Some  little  experience  is  needed  before  an  electric  or  air  drill  can 
be  used  with  assurance  of  safety.  Sometimes  the  drill  will  plug 
itself  when  it  hits  the  skull.  At  other  times  it  will  bite  through  with 
no  indication  of  approaching  the  molten  interior.  The  safest  practice 
is  to  use  a  shield  in  front  of  the  tapping  hole  during  the  latter  part 
of  the  drilling.  The  drill  is  withdrawn  from  time  to  time  to  remove 
the  drilled  clay  from  the  hole.  The  use  of  compressed  air  to  blow 
the  dust  out  enables  the  use  of  a  plate  shield  completely  covering  the 
trough  and  with  a  Z  bar  or  angle  riveted  on  at  one  end  to  be  placed 
against  the  splasher.  This  device  affords  complete  security.  The 
front  section  with  its  angle  may  be  made  removable  to  afford  a  view 
of  the  tapping  hole. 

With  a  machine  drill  it  is  possible  to  make  a  much  smaller  and 
neater  hole  than  is  usually  made  with  a  hand  drill.  A  2-inch  drill 
is  standard  for  this  work,  although  smaller  ones  are  in  use.  By  the 
use  of  a  small  hole  the  clay  stopping  in  the  iron  notch  is  preserved 
against  the  attack  of  hot  limy  slag  much  better  than  when  a  large 
hole  is  driven  down  to  the  skull ;  the  hole  can  be  kept  shorter,  the  use 
of  an  excessive  amount  of  clay — ^with  attendant  uncertainty  as  tathe 
length  of  the  hole — can  be  avoided,  and  coke  messes,  flying  coke  and 
slag,  and  blowing  out  of  the  stopping  during  or  after  cast  can  be 
minimized. 

Four  injuries,  causing  loss  of  time  of  6  to  10  days,  were  caused  by 
the  driving  of  tapping  bars.  No  shields  were  used.  In  one  instance 
a  man  was  standing  with  one  foot  in  the  trough  while  he  held  the 
bar  on  which  men  were  sledging.  The  skull  broke  in  suddenly  and 
iron  blew  out  over  his  right  foot  and  leg  and  also  burned  his  hand. 
Lost  time,  12  days. 

In  another  instance  the  men  had  the  tapping  bar  over  a  crossbar 
and  were  driving  it  in  when  the  iron  came  out  suddenly,  hit  on  the 
crossbar,  and  splashed  up  on  first  helper's  face  and  eyelids.  Lost 
time,  7  days. 

The  third  accident  happened  when  a  second  helper  was  driving  a 
tapping  bar  with  a  sledge.  Flames  shot  from  the  tapping  hole,  burn- 
ing his  face  and  hands.     Lost  time,  10  days. 

In  the  fourth  accident  the  iron  broke  through  quickly,  throwing 
flame  and  hot  clay  over  second  helper's  face,  arm,  and  hand.  Dis- 
ability, 28  daya 
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The  use  of  an  adequate  shield  (PL  VII,  B)  in  front  of  the  tapping 
hole  should  prevent  sueh  injuries  in  any  plant  where  the  bar  is  driven 
by  hand. 

Six  injuries  resulted  from  pulling  bars  from  the  tapping  hole. 
As  is  evident  from  the  review  of  accidents  incurred  while  men  were 
dri  ving  bars  the  iron  at  times  comes  out  when  the  bar  is  driven.  When 
the  skull  is  heavy  and  thick  and  mainly  composed  of  iron,  a  ^  Welsh- 
man "  must  generally  be  put  on  the  bar,  and  it  must  be  driven  back 
by  sledging  on  th^  wedge.  Two  of  the  injuries  were  to  men  having 
hold  of  the  handle  of  the  ^  Welshman.'*  In  one  case  the  hole  was  a 
little  ^* green''  or  wet,  and  when  the  bar  was  pulled  an  explosion 
threw  particles  of  hot  iron  over  the  man's  face  and  neck.  Lost  time, 
6  days.  A  similar  accident  in  1914  caused  erysipelas,  pneumonia^ 
and  death. 

Two  men  suffered  burns  of  shoulder,  back,  and  arms  from  flames 
and  iron  from  the  tapping  hole  when  the  tapping  bar  was  pulled. 
Disability,  3  and  24  days. 

One  man  received  slight  bumA  of  face  and  ear  when  the  iron  burst 
out  while  he  was  using  oxygen  to  bum  out  a  tapping  hole  in  which 
a  tapping  bai  was  stuck. 

The  sixth  accident  occurred  to  a  keeper  palling  a  tapping  far  from 
the  hole  after  the  iron  had  come.  The  iron  splashed  up  over  his  foot 
Lost  time,  16  daya 

In  pulling  tapping  bars  the  shield  should  be  left  in  front  of  the 
hole  until  the  bar  is  out ;  there  is  no  necessity  for  removing  the  shield. 
In  one  plant,  to  enable  the  men  backing  the  bar  out  to  keep  away 
from  the  trough,  a  sliding  weight  is  placed  on  the  bar  and  the  men 
jar  this  against  the  ^  Welshman  "  by  yanking  it  up  against  the  wedge 
with  ropes  attached  to  each  side.  In  another  plant,  to  enable  men 
to  keep  away  from  the  ^^  Welshman,"  a  cable  hooked  into  a  clevis 
attached  to  the  '^  Welshman "  by  means  of  an  eyebolt  passes  over  a 
sheave  to  near  the  cast-house  wall,  where  the  ^^  Welshman  "  can  be 
held  at  the  desired  height  and  pulled  out  of  the  trough  when  the 
iron  comes  and  the  tapping  bar  is  free. 

Men  working  about  the  tapping  hole  should  always  wear  goggles 
and  good  shoes,  tightly  laced  and  not  gaping  away  from  the  ankle 
or  with  cracks  in  uppers  or  soles.  Leggings  are  used  at  few  plants. 
They  have,  however,  been  found  practicable  in  certain  plants  out- 
side the  State. 

Men  not  actually  employed  m  opening  the  hole  should  keep  away, 
and  if  it  is  necessary  to  walk  in  front  should  get  across  the  runner 
quickly.  Some  years  ago  a  forenum  was  superintending'  work  on  a 
hard  hole,  and  was  standing  directly  over  the  dam  in  the  trough 
He  was  caught  by  a  sudden  outbreak  in  the  hole,  receiving  bums 
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of  abdomen  and  legs  which  caused  several  months'  lay  off.  Care 
should  be  taken  to  keep  the  legs  and  feet  out  of  the  trough,  even  on 
the  first  spell,  and  while  working  to  stand  as  much  to  one  side  as  pos- 
sible. It  is  safest  to  place  a  shield  and  splasher,  or  cover  plate,  in 
front  of  or  above  the  tapping  hole  after  the  first  spell,  as  it  occasion- 
ally happens  that  the  hole  is  weak,  "  short,"  or  "  green,"  and  unex- 
pected  outbreaks  of  iron  are  almost  inevitable  from  time  to  time. 

TROUGH  AND  CINDER  FALL. 

L  Cast-house  laborer  was  breaking  a  heavy  skull  of  cinder  in  the  mnner 
when  a  piece  of  hot  cinder  flew,  burning  elbow.    D. 

2.  Helper  was  crossing  walk  over  cinder  mnner  when  an  explosion  of  cinder 
In  runner  threw  molten  slag  over  back.    G. 

3.  Cinder  snapper  stepped  into  cinder  in  runner  whUe  Jumping  across.    C 

4.  Water  was  dropping  from  bustle  pipe  onto  cinder  fall  and  when  cinder 
was  flushed  it  boiled,  throwing  material  into  keei)er'B  face.    D. 

5.  White  man  was  tapping  cinder,  it  splashed  over  runner  into  man*s 
shoe.    D. 

6.  Cljider  snapper  was  throwing  wet  skulls  of  cinder  Into  slag  ladle  when 
there  was  an  explosion  which  threw  slag  into  man's  face.    D. 

7.  Cinder  snapper  was  attempting  to  turn  on  granulating-pit  water-spray 
vake  while  hot  cinder  was  running  down  trough.  Heat  from  cinder  set  man's 
clothes  on  fire.    B. 

8.  Monkey  boss  wns  cutting  off  cinder  in  runner  fH>m  one  ladle  to  another, 
and  before  he  could  get  gate  down  tight  his  trousers  caught  fire.    C. 

9.  Cinder  snapper  threw  ball  of  clay  into  runner  to  plug  leaky  shutter. 
Cinder  splashed,  burning  wrist     D. 

10.  Cinder  snapper  received  burns  of  foot  by  explosion  of  cinder  as  he  was 
throwing  wet  coal  in  runner  to  aid  in  running  a  stiff  slag.    B. 

11.  Second  helper,  in  removing  splasher,  was  pulling  on  hook  to  swing 
splasher  aromid  while  others  were  on  the  lever.  Splasher  suddenly  loosened 
and  helper  lost  balance,  falling  into  trough  and  burning  body  and  legs.    B. 

12.  First  helper  was  placing  splasher  lever  on  splasher  when  hot  metal  was 
blown  on  him  from  tapping  hole.    C. 

13.  Helper  was  pricking  tapping  hole  with  bar  when  hot  coke  blew  out  sud- 
denly, burning  arm  and  body    O. 

14.  Helper  was  running  fHricktng  rod  In  tapping  hole  when  obstruction  In  the 
hole  suddenly  gave  way  and  he  stepped  into  the  trough  which  was  full  of 
Iron.    C. 

15.  Keeper  was  uning  rod  on  *'  mucky  **  hole  when  metal  suddenly  blew  out, 
burning  him.    D. 

16.  Second  helper  was  putting  rod  in  tapping  hole.  When  the  cold  or. wet 
•^nd  of  rod  entered  hole,  explosion  of  hot  metal  occurred.    C. 

17.  Keeper  was  cooling  iron  trough  with  hose  so  that  he  could  rid  up  trough. 
Water  hit  pool  of  molten  iron  lying  in  trough,  causing  explosion.  Eyes  and  face 
<*ut  and  burned.    B. 

18.  First  helper  slipped  into  trough  in  which  loam  was  boiling.     D. 

19.  Keeper  was  loading  clay  gun.    Plunger  stuck,  then  flew  back  suddenly, ' 
causing  steam  cylinder  head  to  fly  oif  gun.    B. 

20.  Cinder  snapper  pulled  out  lump  of  unchilled  scrap  from  trough.  Hot 
iron  ran  out  on  wet  pavement  and  exploded.    D. 
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21.  Heltier,  in  breaking  crust  on  trough,  let  cold  end  of  bar  go  througii 
^■riist.    It  came  in  contact  with  hot  metal  in  trough  and  explosion  occurred.    D. 

22.  Lmborer,  using  bar  to  loosen  scrap  In  trough,  had  torch  hanging  above 
him.  Struclc  bar  against  torch,  upset  it  and  spilled  oil  over  clothing,  which 
ignited.    B. 

23.  Cinder  snapper,  in  breiiking  <-l  rider,  slipped  on  rubbish  and  wrenched 
hack.    D. 

24.  Cinder  snapiM*r,  while  clean iiig  up  about  fall,  fell  and  broke  rib.    B. 

25.  Helper  let  splasher  lever  slip  out  of  hand  onto  foot.    D. 
^.  Ijever  hanger  broke  and  lever  fell  onto  foot.    C. 

28.  Cinder  snapper  let  lump  of  cinder  fall  on  toes.    O. 

29.  Laborer,  while  shoveling  cinder  and  coke  from  '*  mess,"  burned  leg.    B. 

30.  IIeU)er,  In  sledding  bar,  hit  keeper  on  knee.    C. 

31.  Helper  let  bar  fall  on,  foot    D. 

Accident  30  is  a  form  repeatedly  encountered  all  about  the  furnace 
front  and  runners.  The  use  of  broad-faced  sledges  for  this  work 
and  standing  on  the  opposite  side  of  tlie  bar  from  the  man  sledging  it 
are  about  the  only  precautions  to  be  taken  in  this  work,  but  they  will 
greatly  help  to  eliminate  this  type  of  accident. 

Keeping  pavements  cleaned  up  after  each  flush,  cast,  or  mess  is 
usual  practice.  Sometimes,  however,  a<*cumulations  of  broken  small 
binder  are  allowed  to  collect.  Keepers  should  keep  floors  and  pave- 
ments clean. 

The  accidents  in  which  men  were  injured  while  turning  on  water 
or  operating  shuttei's  illustrate  tlie  type  of  accident  in  which  men 
knowingly  take  a  chance  that  involves  their  own  safety  when  there  is 
at  stake  the  necessary  performance  of  a  task  which,  left  undone, 
would  probably  result  in  expense  to  the  employers  for  cleaning  up 
the  resulting  mess  or  for  repairing  or  replacing  cinder-ladle  equip- 
ment. Men  are  rarely  asked  or  ordered  to  take  these  risks  bv  their 
foremen:  they  take  them  voluntarily.  Whenever  safeguards  can  be 
installed  to  take  care  of  contingencies  that  are  fairly  sure  to  happen, 
they  should  be  installed.  Spray  valves  for  cinder  pits  should  be 
placed  at  least  10  feet  from  a  cinder  runner  and  at  least  20  feet  from 
the  pit  itself.  It  is  often  possible  for  shutters  to  be  so  arranged  that 
the  cinder  can  be  diverted  by  lifting  the  gate,  not  by  having  to  jam  it 
down,  which  requires  a  longer  time.  Better  than  hand-operated  shut- 
ters are  .shuttei-s  that  can  be  pulled  or  dropped  by  means  of  cables 
and  sheaves  at  some  spot  away  from  excessive  heat  and  out  of  the 
range  of  splashes  or  flying  slag.  When  the  shutter  is  dropped  a  guide 
is  necessary.  A  steam-operated  cylinder  for  cinder-runner  shutters 
has  for  years  been  used  at  one  furnace  plant. 

Boils  in  cinder  runners  are,  fortunately,  rare.  When  iron  is  com- 
ing over  with  the  cinder,  however,  a  damp  spot  in  a  runner  will  start 
a  boil  or  explosion.  To  keep  water  from  falling  onto  the  cinder  run- 
ner a  shield,  half  circular,  should  be  hung  l>eneath  the  bustle  pipe,  di- 
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rectly  over  the  cinder  notch  and  extending  out  at  least  a  foot  on  each 
side  above  the  sides  of  the  runner.  This  also  prevents  leaking  or 
spattering  discharges  or  feeds  from  running  down  over  the  bustle 
pipe. 

The  throwing  of  skulls  of  wet  cinder  into  ladles  of  slag  should  be 
prohibited.  It  is  just  as  dangerous  to  put  them  in  empty  ladles  be- 
fore running  cinder,  probably  "much  more  so,  as  they  may  cause  an 
entire  ladle  of  cinder  to  boil  over  or  explode.  Flipping  or  throwing 
coal  or  wet  clay  into  cinder  runners  when  the  top  is  crusted  is  a  fre- 
quent practice,  though  of  doubtful  advantage.  The  appearance  of 
flame  and  occasional  cracking  and  lifting  of  the  crust  as  the  steam 
or  gas  from  the  clay  or  coal  is  forced  out  is  deceptive  in  that  it 
^ecms  to  indicate  a  lively  slag.  Although  the  hazard  of  the  practice 
k  only  trifling  an  occasional  severe  injury  may  be  anticipated. 

A  steel-plate  walk  across  a  cinder  runner  at  some  place  between  the 
cinder  notch  and  the  ladle  or  pit  is  desirable.  Men  step  across  these 
places,  and  as  the  radiation  and  glare  are  frequently  too  intense  to 
allow  them  to  see  and  judge  accurately  their  footing  before  they 
step,  a  misstep  is  occasionally  made.  The  injury  to  the  man  cross- 
ing a  footwalk  just  as  an  explosion  occurred  serves  as  a  reminder 
that  unnecessary  approach  to  runners  full  of  molten  metal  or  slag 
is  to  be  strictly  avoided.  Too  much  stress  can  not  be  laid  on  the  re- 
quirement that  blowers  and  ciiew  acquaint  themselves  with  the  work 
80  that  there  is  a  minimum  of  crossing  and  recrossing  runners  to  get 
tools  or  to  perform  some  forgotten  job. 

The  best  precaution  against  accident  in  removing  the  splasher  is 
to  pull  it  up  and  swing  it  away  with  a  chain  attached  to  a  cable  that 
passes  over  a  sheave  to  a  lever  or  steam  cylinder  at  the  cast-house 
wall.  With  this  arrangement  no  one  need  be  in  a  position  to  get 
burned  or  injured  by  a  misstep  or  by  the  dropping  of  the  lever. 
Another  method  is  to  suspend  the  splasher  on  a  small  trolley  run- 
ning up  a  monorail  over  the  trough  at  an  angle  of  about  60^.  This 
device  is,  however,  more  expensive  and  oflFers  the  objection  of  sus- 
pending a  heavy  weight  over  men  working  about  the  trough  between 
casts. 

The  relatively  few  accidents  occurring  from  the  use  of  the  picking 
rod,  which  must  be  used  at  almost  every  cast,  show  that  the  hazard 
is  not  great.  When  a  deep  splasher  is  used  and  men  are  careful  not 
to  put  their  entire  weight  on  the  rod  when  it  meets  an  obstruction, 
there  should  be  little  danger.  Many  blowers  check  the  furnace  when 
it  is  necessary  to  use  the  picking  rod,  and  when  there  is,  in  their  judg- 
ment, a  chance  of  a  burst  of  flame  or  hot  slag,  metal,  or  coke.  The 
usual  protection  is  a  corrugated  sheet  placed  upright  alongside  the 
trough,  behind  which  the  men  crouch. 
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The  cloeer  this  is  to  the  splasher,  and  yet  leave  room  in  which  to 
work  the  picking  rod,  the  better  the  protection  afforded.  The  piok- 
ing*rod  end  should  always  be  held  over  the  slag  or  iron  in  the  trough 
a  moment  to  warm  it  before  the  rod  is  put  into  the  hole.  The  safest 
way  to  bend  the  rod  before  use  is  to  bend  it  about  a  column  or  between 
the  gun  crane  and  a  column.  A  serious  injury  may  be  caused  by  one 
man  standing  on  the  rod  while  another  lifts  up  on  the  end  to  put  an 
angle  on  it. 

Every  year  there  are  a  number  of  similar  accidents  caused  by  pat- 
ting water  on  the  trough  during  ridding  up.  As  the  result  of  one  on 
record  a  man  lost  the  sight  of  both  eyes.  A  man  should  wear  goggles 
when  turning  water  into  the  trough  preparatory  to  cleaning  it  after 
a  cast.  The  use  of  a  special  device  on  the  hose  adds  to  the  safety.  A 
16  to  20  foot  pipe  is  connected  to  the  hose  and  on  the  end  an  elbow 
with  a  hose  nipple  or  sprayer  is  placed.  Every  one  should  keep  away 
while  the  water  is  tui;ned  into  the  trough.  By  moving  the  pipe,  every 
part  of  the  trough  can  be  reached  and  thoroughly  chilled.  The  work 
can  then  be  finished  up  with  an  ordinary  hose  nozzle  if  desired.  An- 
other method  is  to  place  a  holder  on  the  end  of  the  mud  gun  and  to 
put  the  hose  nozzle  in  it,  turning  on  the  water  from  the  wall.  How> 
ever,  this  arrangement  permits  no  flexibility. 

KUMKEBS. 

1.  Sampler  put  cold  ladle  into  hot  metnl,  causing  explosion.  Metal  flew  oT«r 
keeper's  leg.    D. 

2.  Helper  poured  dipper  of  metal  into  sample  box,  causing  explosion  ot  hot 
metal  wldcli  burned  his  abdomen.    D. 

3.  As  man  was  carrying  cinder  in  ladle  to  dry  runnerSt  cinder  slopped  onti> 
foot.    B. 

4.  Keeper  was  runulng  iron  and  when  he  lifted  shutter  an  explosion  or  shot 
occurred.  I)ecause  the  Iron  struck  damp  sand.     Face  burned.    G. 

5.  Man  was  throwing  shutter  to  divert  iron  into  nest  chill  when  iron  splashed 
over  face,  neck,  and  arm.    C. 

6.  Keeper  had  placed  scrap  in  runner  to  melt  it,  and  when  metal  struck  scrapr 
explosion  occurred,  burning  him.    0. 

7.  Helper  threw  .skull  of  cold  scrap  into  runner  of  hot  metal,  causing  ex- 
pio.sion.    C. 

8.  Helper  threw  runner  scrap  into  hot-metal  ladle  about  half  fnH.  causing 
explosion.    D. 

9.  Helper  was  raising  **  punch-out "  gate  when  iron  exploded  or  shot,  burning 
arms  and  shoulder.    D. 

10.  Second  helper  was  in  line  with  tapping  hole  when  a  shower  of  red-hot 
c-oke  blew  from  the  tapping  hole,  setting  man's  clothing  on  flre.    C. 

11.  Bricklayer  accidentally  stepped  into  runner  full  of  hot  metal.    C. 

12.  Cinder  snapper  step)ied  on  cruflted  slag  and  broke  through,  burning  foc»t 
and  ankle.    D. 

13.  As  keeper  was  watching  iron  i-un  in  ladle,  spark  fiew  into  his  eye.    D. 

14.  Helper  was  struck  In  eye  by  spark  from  metal  In  runner.    D. 
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IS.  Cinder  snapper  cut  hand  on  scrap  In  lifting  it  into  barrow.    0. 

16b  Helper  was  loading  scrap  from  runner  into  barrow  and  burned  hand.    D. 

17.  Cinder  snapper  picked  up  piece  of  hot  Rcrap  and  had  to  drop  it.  Hit 
foot    D. 

18.  As  two  men  were  loading  heavy  runner  scrap,  one  let  his  end  fall,  causing 
other  man  to  6rQp  his  end  of  scrap  onto  his  ankle.    C. 

IOl  Helper  was  carrying  scrap  when  it  broke  in  two  and  hit  his  foot.    D. 

20.  Helper  was  loosening  scrap  In  runner  and  struck  hand  against  sharp 
scrap  sticking  up  In  runner.    D. 

21.  Helper  was  claying  up  gate  and  mt  hand  on  scrap  sticking  on  side  of 
runner. 

22.  Helper  strained  back  In  lifting  heavy  scrap  from  runner.    D. 

23.  Helper  was  gathering  scrap  when  he  stumbled  over  a  piece  of  scrap  and 
cut  his  ankle.    D. 

24.  Keeper  punctured  bottom  of  foot  by  sharp  scrap  cutting  shoe.    D. 

25.  Helper  was  breaking  scrap  with  "mulligan,"  and  when  piece  broke,  one 
end  (lew  nnd  hit  fingers.    C. 

26.  Keeper  was  breaking  scrap  with  sledge,  which  glanced  off  and  hit  his 
leg,  spllnt»*lng  bone.    B. 

27.  As  cast-house  laborer  was  sledging  scrap,  piece  flew  into  his  eye.    D. 

28.  laborer  was  sledging  bar  held  by  furnace  helper.  Missed  bar  with  sledge 
and  crushed  helper's  finger.    C. 

30.  As  laborer  was  holding  bar  to  rid  up  runners,  bar  became  wedged.    Man 
put  hand  over  top  of  bar  to  work  It  loose  just  as  helper  struck  it  with  sledge.    D. 
SI.  Monkey  boss  had  abscess  form  In  palm  of  hand  from  handling  bar.    D. 

32.  Man  was  cleaning  runners,  prying  hot  scrap  out  with  bar.  Bar  slipped, 
allowing  man  to  fall  forward  into  hot  runner.    C. 

33.  Helper  threw  bar  down  on  cast-house  floor,  where  it  bounced  and  hit  great 

toe.    D. 

34.  Cinder  snapper  was  barring  scrap  in  runner,  when  he  slipped  and  hit 
his  shoulder  on  end  of  bar.    D. 

35.  As  man  was  barring  heavy  lump  of  scrap,  bar  slipped  and  fell  onto 

Instep.    C. 

36.  Helper  was  lifting  scrap  with  tongs,  and  when  tongs  slipped  he  fell  back- 
wanls  over  wheelbarrow,    D. 

Accidents  16  to  36  were  due  to  unskill fulness,  forgetfulness,  awk- 
wardness, or  misjudgraent  of  the  men,  or  to  established  but  objec- 
tionable methods  of  work.  The  latter 'cause  is  subject  to  immediate 
correction.  The  former  can  be  corrected  only  by  sustained  and  con- 
tinued effort  to  encourage  care  and  prudence  in  this  class  of  work. 

Three  men  were  overcome  by  heat  while  cleaning  runners,  and 
a  fourth  was  overcome  when  running  iron  at  cast.  These  accidents 
occurred  in  May,  July,  and  September,  months  when  periods  of 
hot  or  sultry  weather  are  encountered.  As  a  rule,  heat  is  not  so 
difficult  to  withstand  during  a  cast  as  during  cleaning  of  the  trough 
and  runners,  because  with  the  sides  of  the  cast  house  open  and 
the  almost  universal  ventilator  in  the  cast-house  roof,  the  heat  is 
rapidly  carried  off  when  the  iron  is  running,  and,  moreover,  the  heat 
is  dry,  in  contrast  to  the  moist  heat  frequently  encountered  about 
the  runners.    In  addition,  while  a  crew  is  running  a  cast,  they  only 
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infrequently  have  to  approach  or  work  close  to  the  runner,  wherejw 
in  cleaning  the  runners  after  a  cast  they  have  to  work  practically  on 
top  of  the  runners  or  troughs.  These  are  always  very  hot  and  are 
frequently  steamy,  and  when  the  cast  has  been  a  hot,  limy  iron,  there 
is  always  a  "heavy  clean-up  "  on  account  of  the  excessive  amount  of 
scrap  left  in  the  runner.  Owing  to  the  length  of  the  runner,  fans 
are  impracticable.* 

Most  cast  houses  are  all  that  can  reasonably  be  desired  in  arrange- 
ments for  admission  of  fresh  air  and  escape  of  heat.  Cast  houseb 
recently  built  are  improved  in  that  the  fall  or  slope  of  the  runners 
is  much  greater  than  in  cast  houses  where  iron  was  previously  run 
in  beds,  also  because  the  runners  are  much  shorter  from  the  skim- 
mer to  the  first  ladle  junction.  These  changes  lessen  markedly  the 
amount  of  scrap  and  the  work  necessary  to  remove  it;  hence,  the 
chance  of  injury  or  of  heat  exhaustion  is  also  lessened. 

An  adequate  and  continuous  supply  of  cool  drinking  water  in  the 
cast  house  is  of  assistance  in  reducing  the  liability  of  heat  exhaustion 
or  cramps.  With  water  carried  in  pails,  there  is  frequently  exces- 
sive consumption  of  water  every  time. a  fresh  bucket  is  brought  in. 
If  a  drinking  fountain  is  available,  the  difficulty  of  gulping  down 
large  quantities  of  water  from  the  fountain,  and  the  continual  sup- 
ply, tend  to  promote  moderation  in  drinking,  rather  than  the  drink- 
ing of  large  quantities  at  infrequent  intervals. 

LU'TINQ  SHUTTERK. 

Five  injuries  occurred  to  men  lifting  shutters  in  running  iron, 
owing  to  an  explosion  of  hot  metal  when  it  encountered  wet  or 
damp  sand,  or  possibly  cold  scrap  when  the  gate  was  lifted  and  the 
sand  worked  up  in  the  rear  was  pushed  out  or  pushed  aside  by  the 
iron.  Disabilities  of  2,  6,  18,  20,  and  21  days  were  caused,  owing  to 
burns  from  flying  metal. 

The  safest  method  of  opepaiing  shutters  is  to  run  the  iron  into  the 
ladle  nearest  the  furnace  first,  and  then  into  the  next  in  turn,  until 
the  cast  is  finished.  In  this  manner  a  shutter  on  the  runner  to  the 
ladle  is  unnecessary,  or  is  used  only  in  a  very  fast  and  heavy  cast, 
and  the  shutter  at  the  junction  in  the  main  runner  can  be  lifted  by 
cables  attached  to  the  shutter  and  led  over  sheaves  to  the  cast-house 
wall.  The  end  is  commonly  placed  one  ladle  away,  on  the  ladle  track 
side,  down  the  runner.  The  keeper  can  in  this  position  gage  the 
fullness  of  the  ladle  above  and  operate  the  shutter  at  the  correct  time 
and  from  a  safe  distance.  Some  furnace  men  prefer  to  lead  the  cables 
to  one  point,  near  the  furnace  signal  and  lever,  on  the  ladle  track 
side.  If  a  cast-house  crane  has  been  installed,  overhead  cables  can 
not  be  used,  but  the  cables  may  be  led  under  the  cast-house  floor 
plates  and  attached  to  the  shutter  lever. 
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Devices  to  operate  shutters  from  a  distance  can  sometimes  not  be 
used  if  it  is  necessary  or  advisable,  on  account  of  possible  need  of 
shifting  ladles,  to  run  to  the  bottom  ladle  first.  Under  such  condi- 
tions the  gate  must  be  dropped  instead  of  lifted,  and  many  times  this 
must  be  done  by  hand,  a  mechanical  device  failing  to  seat  the  shutter 
Hgainst  a  fast  run. 

To  avoid  the  necessity  for  anyone  having  to  approach  the  junc- 
tion and  loosen  up  or  bar  out  sand  behind  a  shutter,  it  is  necessary 
to  put  a  foot  piece  on  the  shutter.  This  breaks  a  path  for  the  iron 
by  lifting  the  sand  behipd  the  shutter  v^hen  it  is  lifted.  To  mini- 
ial2e  the  danger  of  flying  sparks  and  splashes  of  molten  iron  in  the 
event  of  damp  sand,  a  shield  should  be  placed  on  the  lower  side  of 
the  shutter  to  confine  any  spattering,  as  small  explosions  are  not  un- 
common. If  a  shutter  has  to  be  dropped  or  thrown  to  divert  the 
metal,  care  should  be  taken  that  it  is  dry.  A  hand  shutter  is  usually 
thrown  by  laying  it  at  the  junction,  with  the  gate  over  the  runner, 
the  handle  extending  back,  so  that  the  hot  metal  flowing  beneath 
heats  the  gate  up  before  use.  Only  experienced  men  should  be  al- 
lowed to  throw  shutters,  or  men  who  have  had  ample  opportunity  to 
observe  how  it  is  done,  as  there  is  a  Icnack  in  gaging  the  throw, 
dropping  the  shutter,  and  turning  away  almost  simultaneously  to 
avoid  injury  from  splashes.  When  the  shutters  are  inserted  by 
levers,  it  is  essential  to  have  the  levers  as  long  as  practicable  so  that 
the  men  can  keep  away  as  far  as  possible.  Care  should  be  taken  to 
remove  all  scrap  from  beneath  the  shutter,  as  when  the  shutter  is 
dropped  on  heavy  scrap  and  is  forced  down  through  it  to  make  a 
ti^t  stop,  a  boil  may  start. 

Any  dampness  or  cold  scrap  in  a  runner  may  start  a  ^  boil.^'  Once 
started  there  is  no  telling  where  it  will  end.  A  boil  in  a  sand  runner 
has  been  known  to  eat  down  more  than  10  feet  into  the  fill,  the  boil 
being  a  continued  succession  of  explosions,  violent  flames,  and  throw- 
ing about  of  hot  metal  and  sand.  In  iron  runners  cold  or  wet  scrap 
or  damp  loam  or  other  lining  material  may  start  a  boil  that,  for  no 
apparent  reason,  continues  to  eat  into  the  iron  runner.  A  keeper 
dropped  a  gate  on  the  runner  and  a  sudden  boil  started.  He  received 
bums  of  the  abdomen  and  was  disabled  for  19  days.  Another  cast- 
house  employee,  in  running  from  a  boil,  tripped  and  fell,  bruising 
his  knee.    He  lost  4  days. 

The  keeper  should  always  be  sure  that  the  trough  and  the  runners 
are  perfectly  dry,  and  that  no  cold,  heavy  scrap  is  present  before  the 
cast  is  started.  If  loam  is  used  to  grout  the  runners  particular  care 
is  necessary.  A  few  plants  use  furnace  gas  to  dry  the  runners.  In 
using  gas  a  good  fire  of  kindling,  coke,  or  waste  should  be  started 
before  the  gas  is  turned  on,  and  if  the  gas  does  not  ignite  at  once, 
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it  should  ba  turned  off  and  a  hotter  fire  made.  An  accumulation 
of  gas  and  air  in  the  runners  beneath  corrugated  iron  will  give  a 
severe  explosion  if  it  is  tardily  lighted.  As  a  second  helper  was  at- 
tempting to  light  gas  in  the  runner  the  gas  exploded,  burning  his 
right  ear,  the  side  of  his  face,  and  his  hand,  causing  him  to  lose  nine 
days'  time.    Matches  should  not  be  used. 

The  practice  represented  in  accidents  7  and  8  is  hazardous  in  the 
extreme,  but  is  sometimes  indulged  in  when  a  particularly  heavy  or 
tough  piece  of  scrap  resists  all  efforts  at  breaking  to  size  suitable  for 
the  stock  house.  It  is  better  to  send  such  pieces  to  the  scrap  drop, 
and  blowers  should  forbid  the  putting  of  scrap  in  runners  either 
before  or  during  a  cast  unless  they  are  present  to  see  that  the  scrap 
is  dry  and  warm.  Putting  scrap  in  ladles  should  be  avoided  abso- 
lutely, for,  aside  from  the  hazard,  it  accelerates  the  formation  of  a 
skull  on  the  ladle. 

Such  ^'  shots ''  or  explosions  as  are  illustrated  in  accident  9  are  due 
to  moisture  and  occur  in  the  same  manner  as  when  runner  diutters 
are  operated.  The  best  safeguard  is  to  lift  the  gate  by  means  of  a 
lever  or  steam  cylinder  at  the  wall.  At  one  plant  the  same  cylinder 
is  used  to  remove  both  the  splasher  and  the  punch-out  gate.  When 
this  arrangement  is  not  feasible,  on  account  of  an  overhead  crane, 
other  methods  to  insure  safety  may  be  used. 

One  method  is  to  notch  the  bottom  of  the  gate,  and  at  the  end  of  a 
cast,  after  the  removal  of  sand  banked  against  the  gate  on  the  outside, 
the  iron  is  drained  from  the  trough  by  using  a  long  picking  rod  to 
poke  out  the  clay  behind  the  notch  at  the  bottom  of  the  gate,  the  man 
thus  being  away  from  the  trough  on  the  cinder-runner  side,  in  con- 
trast to  the  usual  position  in  which  the  helper  pulls  the  gate  up  a 
trifle;  and  then,  holding  the  lever  by  one  hand, punches  a  bar  through 
the  clay  or  sand  at  the  bottom  to  drain  the  iron.  In  the  latter  case 
the  bar  must  be  pushed  through  the  molten  iron  in  the  troudi,  and 
the  helper,  on  account  of  the  angle  at  which  the  bar  must  be  held, 
is  close  to  the  gate  in  a  place  where  any  shot  may  easily  catch  him. 
When  this  method  of  raising  the  punch-out  gate  and  draining  the 
trough  is  employed  an  effective  guard  may  be  used.  This  consists  of 
a  cast-iron  plate  held  at  an  angle  of  about  45°  by  a  couple  of  sup- 
porting plates  cast  on  the  sides.  A  hole  is  left  in  the  center  of  the 
plate  for  the  punch-out  rod. 

Another  method,  little  in  use.  is  to  cast  the  punch-out  gate  with  a 
round  hole  at  the  bottom.  This  is  heavily  grouted  and  plugged  with 
an  iron  ^^  bot.''  The  iron  is  drained  through  this  hole  until  cinder 
comes,  when  the  hole  is  botted  up  and  the  gate  lifted.  The  objection 
is  that  the  gate  is  too  frequently  cut  out  by  the  iron.  This  objection 
is  in  itself  unimportant,  as  far  as  expense  of  renewal  goes,  but  there 
is  the  possibility  that  during  a  cast  a  leak  of  iron  may  start  through. 
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become  unmanageable,  and  drain  more  or  less  of  the  ^itire  east  onto 
the  first  ladle  and  onto  the  yard.  This  development  is  much  dreaded 
with  any  kind  of  a  punch-out  gate,  and  in  some  plants  a  double  gate 
is  used,  seemingly  with  satisfaction.  It  goes  without  saying  that 
both  the  inside  and  outside  of  such  gates  are  very  carefully  clayed 
and  banked  up. 

One  advantage  of  this  method  of  draining  the  trough  is  that  it 
makes  the  skimming  much  easier  at  the  monkey  skimmer.  This  is 
usually  a  hot  job,  and  there  is  frequently  a  small  explosion  when  the 
the  sand  dam  is  knocked  out  to  drain  the  slag  away  and  to  keep  it 
from  going  into  the  iron  ladle.  If  the  iron  can  be  largely  dramed 
from  the  trough  before  the  overlying  slag  comes,  the  separation  of 
the  slag  and  the  iron  is  much  cleaner  and  less  difficult;  hence  the  lia- 
bility of  accident  is  lessened.  Probably  the  safest  method  of  accom- 
plishing this  secondary  skimming  at  the  end  of  a  cast  is  to  replac^e  the 
old-fashioned  sand  dam  with  a  cast-iron  dam,  which  can  be  pulled  up 
hy  a  lever  or  with  a  coned-out  shutter,  which  serves  the  same  purpose. 
Xo  injuries  are  reported  specifically  as  occurring  at  the  monkey  skim- 
mer, but  it  is  probable  that  at  least  one  of  eight  unclassified  burns 
received  in  the  cast  house  occurred  at  the  monkey  skimmer. 

Eight  bums  received  "  while  casting  "  resulted  in  lost  time  of  4,  4, 
5,  9,  15,  21,  39,  and  40  days,  the  injuries  being  burns  of  (1)  instep, 
(2)  back,  (3)  eyelid,  (4)  foot,  (5)  eyeball  and  eyelid,  (6)  eye, 
(7)  heel,  and  (8)  foot,  back,  and  ankle.  Lack  of  safeguards  or  im- 
?afe  practice  may  have  caused  them,  but  five,  at  least,  might  seem- 
ingly have  been  avoided  had  the  men  been  wearing  well-adjusted 
goggles  and  tightly  fitting  sound  shoes. 

Many  of  the  following  points  have  already  .been  brought  out  in  the 
discussion  of  "accidents  connected  with  opening  of  tapping  hole." 

Tt  is  most  difficult  so  to  arrange  a  cast  house  that  all  necessity  for 
men's  crossing  in  front  of  the  tapping  hole  is  avoided.  A  man 
should  croas  quickly  and  should  avoid  standing  in  the  range  of 
pieces  of  coke,  hot  slag,  or  metal  that  might  fly  from  the  hole  if 
it  becomes  too  large  or  starts  to  blow  suddenly.  The  danger  of 
material  flying  from  the  hole  can  be  minimized  by  using  two  splasher 
plates.  Their  use  is  not  as  common  as  it  should  be.  A  further  safe- 
sniard  is  the  pro^nsion  of  a  substantial  steel-plate  shield  over  the  skim- 
mer, or,  if  preferred,  further  down  the  nmner,  to  protect  the  men 
nmning  the  iron.  Such  a  shield  is  especially  desirable  if  the  shut- 
terF  are  in  line  with  the  tapping  hole,  and  is  well  warranted  in  any 
raat  house  on  account  of  the  necessity  of  occasional  passing  in  front 
of  the  tapping  hole.  The  only  objection  to  placing  the  shield  at 
the  skimmer  is  that  it  may  deflect  a  burst  of  flame  or  coke  on  men 
working  alongside  the  trough  with  a  picking  rod  to  open  a  hole. 

Care  should  be  taken  to  keep  off  from  crusted  slag. 
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Accident  1  is  the  only  specific  mention  of  injury  caused  by  the  use 
of  cold  bars  or  ladles  in  running  hot  metal.  It  is  probable  that 
others  of  the  unclassified  burns  were  from  this  cause.  The  danger  of 
the  practice  is  well  known  but  new  men  should  be  informed  of  it. 

Goggles  should  be  worn  by  cast-house  men  while  running  iron  and 
while  breaking  scrap. 

OTHER  CASr-HOUSE  ACCXDENTS. 

I 

1.  Machinist  had  hand  on  mud-gun  clamp  shaft  which  was  being  lifted  with 
crane.    Clamp  on  shaft  slid  and  caught  fingers.    G. 

2.  Gast-house  laborer  was  fastening  cable  about  scrap ;  signaled  craneman  to 
hoist  but  kept  hand  on  cable  and  was  caught.    D. 

3.  Helper  was  unloading  clay  from  car  with  crane  bucket  and  was  caught 
between  side  of  car  and  bucket  when  craneman  hoisted.    G. 

4.  Foremen  was  laying  iron  runners  in  cast  house.  Sling  rope  on  tackle 
broke,  allowing  runner  to  swing  about  and  catch  man*s  leg,  amputating  it    B. 

5.  Machinist  was  holding  incandescent  light  on  extension  cord,  when  socket 
short-circuited,  burning  his  hand.    D. 

e.  Roof  cleaner  on  cast-house  roof  fell  through  to  cast-house  floor.    A. 

7.  Laborer  was  helping  take  down  chain  block  used  for  setting  runners,  and 
fell  to  cast-house  floor.    G. 

S.  Blower  was  hit  In  eye  by  spaU  from  mushroomed  head  of  wedge  on  mud- 
gun  clamp.    B. 

9.  Laborer  stepped  into  loam  box  full  of  boiling  loam.    O. 

10.  Helper  was  scalded  by  steam  from  burning  hose  on  hot  scrap.    D. 

11.  First  helper's  hand  became  sore  and  Infected  from  using  bar.    D. 

12.  Ga8t-house  laborer  cut  hand  on  scrap  and  did  not  report  for  two  days. 
Infection.    D. 

18.  Helper  tripped  and  fell  into  hot  sand  of  iron  bedn.  .  D. 

14.  Pig-iron  carrier,  in  poling  iron  along  runner,  made  misstep  and  fell  od 
side  of  car.    B.  , 

15.  Pig-iron  carrier  dropped  iron  on  feet.    B. 

16.  As  pig-iron  carrier  was  breaking  iron,  pig  caught  on  apron,  throwing 
him  onto  breaking  block  below  cast-house  sill.    B. 

17.  Pig-iron  carrier  was  walking  up  plank  to  throw  iron  into  car  when  plank 
rocked,  causing  him  to  crush  hand  between  iron  and  cast-house  door.    D. 

18.  Laborer  stuped  into  hot  sand.    G. 

19.  Laborer  got  hand  full  of  hot  sand  in  carrying  iron.    D. 

20.  Helper  was  running  iron  in  beds,  when  explosion  occurred,  throwing  hot 
metal  into  his  glove.    D. 

21.  As  man  was  loading  scrap  into  wheelbarrow,  a  glove  caught  on  scrap.    D. 

22.  Man  carrying  scrap  allowed  it  to  fall  onto  his  feet  when  he  stumbled.   D. 
28.  As  man   was  wheeling  scrap  on  wheelbarrow,  piece  slipped  off  onto 

foot.    D. 

24.  As  man  was  throwing  scrap  into  box,  he  cut  his  knuekle  and  infection 
resulted. 

25.  Laborer,  In  moving  clay  gun,  caught  his  finger  between  blocking.    D. 

26.  Brick  pile  fell  over  onto  man  while  he  was  removing  brick.    D. 

27.  Man  caught  foot  between  casting  and  runner.    B. 

28.  Men  were  lifting  floor  plate  onto  truck  and  allowed  it  to  fall  onto 
laborer's  foot    D. 
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29.  Helper  picked  up  hot  bar  uikI  burned  hand.    D.  • 

30.  Man  stepped  on  bar  and  twisted  his  ankle.    D. 

31.  Uiborer  whh  Kwingln^  ^led^e  to  break  scrap  and  strained  muscles  of 
irheai.     D. 

32.  Laborer  was  wheel! njj:  wood  in  barrow,  and  piece  of  wood  with  nail  In 
it  »ifppe<]  off  and  man  stepped  on  it     D. 

Mention  of  accidents  of  the  type  of  10  to  30  might  be  prolonged 
to  ^ve  many  variations.  As  regards  development  of  safeguards, 
such  a  review  serves  little  purpose,  for  safeguards  are  not  possible. 
As  a  rule  the  injuries  are  not  serious,  and  in  a  way,  such  accidents 
might  be  con^dered  a  hazard  of  the  work.  The  possible  usefulness 
of  a  review  lies  in  the  ^emphasis  it  places  on  the  necessity  of  care- 
fulness on  the  part  of  the  workmen.  The  majority  of  accidents  re- 
sult from  handling  scrap,  followed  in  order  of  frequency  by  dropping 
material  while  handling  it,  and  by  stumbling.  There  can  be  traced 
no  relation  betwen  the  length  of  employment  and  the  liability  to 
injury  from  such  an  occupation  as  hand  labor  and  the  use  of  hand 
tools.  Only  in  injuries  incurred  in  the  handling  of  hot  bars  and 
scrap  does  the  term  of  employment  appear  to  have  any  bearing. 
Five  of  six  men  injured  had  been  employed  less  than  six  months. 

Precautionary  measures  suggested  by  the  preceding  review  of  ac- 
cidents include  a  frequent  inspection  of  equipment,  particularly  rig- 
ging tackle,  cables,  ropes,  chains,  and  blocks,  to  see  that  they  are 
safe.  The  supervision  of  rigging  used  can  not  be  too  painstaking, 
for  life  and  limb  will  often  depend  on  its  strength.  Each  incan- 
descent-light bulb  on  an  extension  cord  should  be  provided  with  an 
insulated  handle,  away  from  the  lamp  socket,  with  which  to  grasp 
the  light.    A  wire  guard  about  the  bulb  should  also  be  provided. 

Men  working  on  roofs  should  wear  belts  with  safety  lines.  If  it 
is  not  practicable  to  secure  the  end  by  tying  it  to  a  roof  ventilator 
angle,  some  one  should  be  delegated  to  hold  the  loose  end.  Especial 
care  is  necessary  in  walking  over  corrugated-iron  roofs  of  cast 
houses  after  they  have  been  in  service  for  six  months  or  more,  be- 
cause the  steam  and  sulphur  fumes  from  the  furnace  casts  and 
flushes  quickly  rust  the  iron  and,  although  it  may,  appear  substantial, 
it  may  be  a  mere  film  of  iron  crusted  with  rust.  Plate  roofs  are 
preferable  and  are  used  in  modern  cast  houses,  where  they  are  given 
a  slope  sufficient  to  obviate  the  necessity  of  cleaning. 

Falls  in  the  cast  house  over  bars,  scrap,  and  cinder  can  largely  be 
avoided  by  keeping  the  cast  house  clean.  Racks  should  be  provided 
for  all  tools.  Burned  bars  should  be  removed  promptly  or  set  along 
the  wall  after  each  cast,  and  sledges  should  be  put  away  from 
places  of  work  or  travel.  Constant  effort  should  be  made  to  pre- 
vent accumulation  of  rubbish  and  tools  underfoot.  Neatness  carries 
with  it  a  certain  self-discipline  ^nd,  whereas  a  dirty,  cluttered-up 
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cast -house  floor  breeds  carelessness  and  increases  the  liability  to 
accident,  a  constant  cleaning  of  the  floor  helps  make  men  careful  in 
other  ways. 

Many  of  the  injuries  resulted  from  methods  of  doing  work  that 
were  relatively  inefficient  as  regards  the  least  eflFort,  quickest  dispatch, 
and  maximum  accomplishment.  Training  men  to  make  improve- 
ment on  the  economic  side  has  shown  benefit  in  that  the  men  take 
precautions  against  accident  as  their  skill  and  alertness  of  mind 
increases.  Such  training  sets  men's  minds  to  work,  and  when  that 
has  been  done  the  men  comprising  a  castThouse  crew,  or  other  gang, 
begin  to  take  an  intelligent  interest  \t(  real  preventive  measures 
against  accidents. 

DISPOSAL  OF  SLAG,  FLU£  DUST,   AND  I&ON. 

FLUE-DUST  DISPOSAL. 

Flue-dust  plants,  at  w^ich  the  dust  from  dust  catchers  and  from 
the  flue-dust  stock  pile  is  sintered,  nodulized,  or  briquetted,  are 
becoming  standard  equipment  at  many  furnaces.  They  vary  from 
simple  installations  to  those  involving  considerable  intricate  han- 
dling machinery.  The  handling  of  flue  dust  causes  many  bums,  as 
it  may  be  at  a  temperature  of  800°  to  500°  F. 

1.  Helper  feU  down  steps,  spraining  wrist.    D. 

2.  Attendant  tripped  over  loose  board,  bruising  arm.    D. 

3.  Oiler  removed  cover  over  chute  and  failed  to  replace  it;  later  stepped 
through  it.     D. 

4.  Laborer  was  on  ladder  when  It  slipped.     D. 

5.  Foreman  was  leaning  against  railing  when  it  gave  way,  and  he  fell  to 
track:.    B. 

6.  Laborer  stumbled  and  fell  against  hot  phite.    D. 

7.  Laborer  in  handling  brick  had  abscess  form  on  hand.     D. 

8.  Laborer*8  hand  became  infected  from  handling  wheelbarrow.     D. 

9.  Inspector  was  holding  wedge  for  fellow  workman  to  strike  with  sledge 
when  head  of  sledge  flew  off  handle,  striking  Inspector  on  head.    D. 

10.  Millwright's  helper  was  removing  cupboard,  when  it  fell  over  on  leg.    0. 

11.  Laborer  was  putting  belt  on  pulley  in  motion  and  caught  finger.    D. 

12.  Conveyor  man  attempted  to  remove  dirt  from  tall  pulley  while  conveyor 
was  in  motion ;  hand  was  caught  and  arm  broken.    B. 

13.  Pressman  in  loading  briquets  on  buggy  put  foot  on  rail ;  operator  started 
bugg>%  crushing  and  breaking  pressman's  toes.    B. 

14.  Laborer  in  unloading  flue  dust  burned  back  of  hand.    D. 

15.  Laborer  in  unloading  flue  dust  slipped  and  fell  Into  pile  of  hot  dust, 
burning  arm,  neck,  hands,  and  leg.    C. 

16.  Laborer  stepped  into  pile  of  dust  along  track  and  got  hot  dust  in  shoe.    0. 

17.  Unloader  Jumped  off  top  sill  of  car  into  hot  dust    B. 

18.  Unloader  opened  drop  doors  of  car  of  dust,  and  hot  duat  flew  oat,  burn- 
ing hands,  neck,  and  face.    B. 

19.  Laborer  was  pulling  nodules  down  chute  into  car,  when  rush  of  mate- 
rial caused  hot  material  to  fly  into  face.    C 
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Beyond  equipping  steps  with  handrails  and  nonslip  treads,  it  is 
difficult  to  eliminate  the  probability  of  slips  and  missteps.  Statistics 
over  a  wide  range  of  industries  indicate  that  of  all  accidents  falls 
down  steps  comprise  approximately  4  per  cent,  and  falls  from 
ladders  approximately  4  per  cent,  and  that  approximately  40  per 
cent  of  all  falls  are  due  to  slipping  and  stumbling  on  the  ground 
level.  Thorough  inspection  of  railings  at  regular  intervals,  keeping 
yards  and  floors  clean,  eliminating  depressions  and  projections,  and 
replacing  or  guarding  manhole  covers  and  pits  is  important. 

Accident  9  illustrates  negligence  of  employer  in  that  tools  should 
be  regularly  inspected  for  defects.    Other  hand-labor  accidents  were 
«     largely  the  result  of  lack  of  skill  or  of  carelessness.    The  same  is 
true  of  those  accidents  in  which  men  were  injured  by  machinery. 

Hot  flue  dust  will  fly  into  the  air  and  run  on  the  ground  to  a 
greater  extent  than  other  material  usually  handled  about  furnace 
plants.  It  is  deceptive  in  that  it  usually  does  not  appear  to  be  hot, 
Hnd  it  seems  to  possess  the  property  of  clinging  to  the  skin  when  it 
comes  in  contact  with  it  in  flying  through  the  air,  accounting  for 
the  seriousness  of  flue-dust  burns.  Men  engaged  in  unloading  hot 
dust  should  wear  tight  shoes  with  *  trousers  fastened  about  the 
ankles.     The  sleeves  of  coats  or  ,  should  come  down  to  the 

wrists  and  be  fastened  over  the  tops  of  the  gloves.  Fastenings  for 
trouser  and  sleeve  bottoms  should  be  easily  and  quickly  removable, 
rubber  bands  are  satisfactory. 

Men  should  not  be  allowed  to  jump  into  cars  of  flue  dust  to  shovel 
it  out,  for  although  the  top  dust  may  be  cold  or  damp,  the  interior, 
below  a  thin  crust  of  cold  dust,  is  often  exceedingly  hot. 

Some  adequate  spraying  device  at  dust  catchers  is  urgent.  A 
simple  ring  spray  is  apt  to  cause  excessive  saturation,  so  that  the 
dust  is  unfit  for  use  at  the  flue-dust  plant.  Consequently  the  dust  is 
sometimes  much  undercooled,  or  is  cooled  only  in  sections.  Spray- 
ing the  dust  in  the  car  after  the  dust  bell  has  been  dumped  is  not 
satisfactory  because  the  top  is  saturated,  but  the  bottom  and  interior 
may  remain  hot.  A  device  in  use  is  an  inverted  truncated  cone  in- 
closing the  spray  and  bell.  This  accomplishes  the  work  more  effi- 
ciently than  any  other  device  designed  to  dampen  the  dust  only 
partly  rather  than  to  completely  saturate  it. 

Walks  along  and  over  flue-dust  receiving  bins  are  preferably  made 
of  cast-iron  grids,  extending  from  the  rail  girder  to  the  sides  of  the 
bins.  These  grids  prevent  men  from  inadvertently  stepping  into 
heaps  of  hot  dust.  One  concern  has  a  movable  plate  shield  which  is  * 
placed,  alftngwide  tha  car-door  hopper  to  prevent  dust  from  bein^; 
thrown  out  sideways  in  bulk  when  the  doors  are  opened. 
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cinder  cools  rapidly,  and  after  24  hours  the  entire  contents  may  be 
safely  assumed  to  be  solid.  One  company  requires  that  stickers  be 
sidetracked  at  the  dump  for  72  hours  before  they  can  be  worked  on. 
Such  a  requirement  tends  to  make  the  ladle  gang  put  forth  special 
effort  to  keep  ladles  in  good  condition,  so  that  there  will  be  the  least 
chance  of  stickers,  and  is  a  requirement  that  keeps  dangerously 
cracked  or  warped  ladles  off  the  run. 

After  the  liquid  contents  of  a  tilted  ladle  have  drained  an  occa- 
sional practice  is  for  the  cinder-dump  gang  to  step  to  the  front  and 
bar  out  the  skin  skull.  Usually  only  a  few  pryings  with  a  bar  are 
required  to  start  this  skull,  and  the  men  develop  skill  and  agility 
in  performing  the  work.  However,  occasional  burns  are  thus  caused, 
and  it  is  better  practice  to  jar  the  skull  out  by  tilting  the  ladle  back 
and  forth  against  the  frame.  This  procedure  is,  of  course,  prac- 
ticable only  with  steam-dumped  thimbles.  The  skull  of  thimbles 
dumped  by  hand  or  pushed  by  p.  locomotive  should  be  allowed  to  cool, 
as  the  contraction  and  cracking  of  the  cinder  will  often  cause  the 
skull  to  slide  out,  or  lessen  the  chance  of  burns  if  the  skull  has  to  be 
pried  out  by  hand.  In  1914  a  man  was  severely  burned  when  he 
stumbled  as  he  started  to  jump  back  out  of  the  way  of  a  hot  skin 
skull  that  suddenly  collapsed. 

An  occasional  cause  of  accident  is  an  explosion  of  cinder  ladles. 
As  a  rule  the  explosion  occurs  when  the  ladle  is  standing  at  the 
cast  house  and  during  a  cast  or  flush.  It  is  caused  by  damp  rubbish 
or  water  being  in  the  bottom  of  the  ladle  before  cinder  is  run  into  it. 
Usually  nothing  more  serious  than  a  violent  boiling  and  splashing 
takes  place,  which,  as  a  rule,  starts  slowly.  When  iron  goes  into 
the  ladle  with  the  cinder,  however,  a  veritable  explosion  may  throw 
the  entire  contents  of  the  ladle  over  the  yard  and  into  the  cast  house. 
In  1914  one  man  received  minor  burns  by  such  an  explosion.  Such 
explosions  can  be  prevented  only  by  carefully  examining  the  ladks 
when  they  are  spotted  at  the  furnace,  and,  if  they  are  wet  or  con- 
tain water,  by  drying  them  with  hot  cinder  or  a  wood  or  eoke  fire. 
Damp  rubbish  should  not  be  tt>rown  into  ladies. 

Similar  explosions  are  sometimes  encountered  in  cinder-granulat- 
ing pits,  two  men  being  seriously  injured  in  this  manner  in  1913. 
They  are  caused  by  iron  running  into  the  pit  in  large  amounts.  Men 
should  keep  away  from  the  pit  as  much  as  possible  during  a  cast, 
and  should  never  go  near  it  when  the  skimmer  is  being  drained  at 
the  end  of  a  cast. 

An  aid  to  stop  stray  iron  from  reaching  ladles  ar  grauulatiiig 
pits  is  a  catch  basin  between  the  main  and  the  monkey  skimmer,  and 
the  ladle  or  pit,  which  will  catch  iron  going  over  the  dam  or  iron 
that  has  been  poorly  skimmed.    Such  basins  prove  their  efficiency  by 
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the  considerable  amount  of  iron  recorered  in  them,  ranging  from 
5  to  40  tons  per  month  per  furnace. 

Such  accidents  as  No.  20  are  liable  to  occur  if  the  crane  cab  of 
cranes  is  placed  over  the  pit.  As  a  rule,  the  span  of  the  crane 
girders  is  sufficient  to  allo^  the  cab  to  be  placed  on  one  side  of  the 
pit  If  this  placing  is  not  possible,  as  is  true  with  some  types  of 
cranes,  the  craneman  should  not  be  allowed  to  run  over  the  pit  to 
dig  up  cinder  while  the  furnace  is  flushing  or  casting  into  it. 

Considerable  necessity  for  work  about  cars  of  granulated  cinder 
may  be  obviated  by  having  a  deflecting  plate  between  the  pit  and  the 
cars  of  dust.  So  far  as  possible,  track  cleaners  should  wait  until  the 
filled  cars  have  been  removed  by  the  engine  before  cleaning  tracks.  The- 
danger  of  hot  water  from  cars  and  from  buckets  inadvertently  car- 
ried overhead  is  thereby  eliminated.  There  should  be  no  pathways 
beneath  the  swing  or  travel  of  buckets  handling  granulated  cinder. 

IBON  DOCK. 

The  iron  dock,  the  iron  wharf,  and  the  pig-storage  yard  are  terms 
designating  some  part  of  the  furnace  yard  or  the  lireaking  platform 
at  the  base  of  the  cast-house  wall,  or  in  the  yard  where  the  iron 
is  loaded  or  stored  pending  shipment.  The  injuries  result  largely 
from  handling  the  iron  pigs  by  hand,  though  the  introduction  of  loco- 
motive steam  cranes  and  lifting  magnets  has  introduced  a  hazard 
that  may  cause  injuries  more  serious  than  are  typical  of  handling 
by  hand.    However,  such  injuries  are  of  much  less  frequency. 

CRANES. 

0 

1.  Laborer,  loading  pig  Iron  with  crane  and  standing  at  end  of  car  with  hand 
On  car  door,  signaled  crane  to  move  up.  Crane  struck  car  and  caused  door  to 
pinch  dnger.     D. 

2.  Fireman  was  standing  with  hand  on  brake  wheel  of  car  being  loaded  with 
pig  iron,  when  crane  operator  accidentally.  droppe<l  magnet  on  roan*8  hand.  Left 
liand  contused  and  lacerated.    D. 

3.  Laborer  was  collecting  scattered  pigs  in  car  for  magnet  to  pick  up,  and  as 
nutfpipt  wag  lowered  into  car  man  attempted  to  pass  between  magnet  and  side 
of  car,  when  he  *«&»  ean^t  by  swing  of  magnet  and  crushed.  Fractured 
Mp.    B. 

4.  Crab  man  unloading  iron  from  car  into  yard  with  magnet  did  not  see  mag- 
net swing  back  after  it  had  discharged  load  of  iron  and  was  struck  by  magnet. 
Compound  fracture  of  wrist.    B. 

Locomotive-crane  engineers  working  in  cabs  inclosed  in  the  side^ 
and  with  their  minds  fixed  on  the  manipulation  of  hand  and  foot 
levers  can  not  give  entire  attention  to  possible  hazardous  positions  of 
men  working  with  the  crane.  The  movements  of  the  crane  and  the 
magnet  are  fairly  regular  and  may  be  anticipated.     Mfin«  working. 
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with  the  crane  should  time  their  work  to  the  craneman's  operation, 
and  signal  for  a  stop  if  necessary.  Foreman  or  shift  boss^  should 
impress  upon  the  men  the  necessity  of  keeping  from  under  the  travel 
of  the  magnet,  of  going  to  the  other  end  of  the  car  when  the  magnet 
is  lowered  and  raised,  and  of  having  the  crane  stopped  when  it  is 
necessary  to  collect  the  iron. 

FALLS  OF   PERSONS. 

1.  Iron  piler,  10  yf^rs'  experience,  stumbled  and  feU  on  hand.  Dislocated 
finger.    D. 

2.  Iron  piler,  8  years'  experience,  stepped  on  wet  spall  and  fell  against  a  pile 
«f  iron,  cutting  arm.    D. 

8.  Iron  loader,  6  years*  experience,  stepped  from  top  of  pile  against  iron  used 
to  hold  plank  in  side  of  car.    Deep  laceration  of  tblgh.    D. 

FALLING  AND  FLYING   KATERIAL. 

1.  Laborer,  4  years*  experience,  threw  pig  from  car  on  pile,  and  spall  broke  off 
and  flew  in  eye.    D. 

2.  Laborer,  2  years*  experience,  tbrew  pig  on  pile,  and  silver  flew  and  cat 
eye.    D. 

3.  As  laborer  with  11  years'  experience  was  handling  machine  cast  Iron  lime 
dust  from  pig  flew  into  eye.    Burned  left  eye.'    D. 

HAND  LABOR. 

Eleven  injuries  to  the  hand  and  fingers  were  caused  by  hand  labor. 
Five  were  caused  by  the  men  getting  their  fingers  caught  by  pigs 
rolling  or  falling  down  a  pile.  The  disabilities  were  3,  7, 11, 19,  and 
20  days,  caused  by  cuts  of  linger,  cuts  of  palm  of  hand,  loss  of  nail, 
cfushed  and  cut  finger,  and  crushed  hand.  The  experience  of  the  men 
injured  varied  from  5, 10, 2^,  10,  and  14  years. 

Two  injuries  were  due  to  piling  or  loading  pig  onto  hand,  resulting 
in  crushed  middle  fingers.  The  time  lost  was  7  and  14  days,  and  the 
experience  was  "  years  "  and  8  hours. 

Three  injuries  were  caused  by  striking  the  hand  against  the  top  or 
edge  of  a  car  or  against  another  pig  while  carrying  iron.  Loss  of 
time  of  7,  7,  and  15  days,  caused  by  cuts  at  base  of  thumb  and  on 
knuckles.  One  man  of  4  days'  experience  cut  his  finger  on  a  sharp 
edge  of  pig  iron.    Lost  time,  5  days. 

Nine  injuries  resulted  when  men  let  pigs  drop  on  their  feet  when 
pigs  slipped  from  hand  leathers  or  caught  on  hand  leathers,  or  a  man 
stumbled  or  bumped  his  body  or  arm  against  some  object. 

Five  injuries  were  caused  by  pigs  rolling  down  from  piles  onto 
men's  feet. 

One  laborer  who  had  had  10  days'  experience  suffered  a  strain 
while  lifting  iron  to  load  it  in  a  car.    Lost  time,  13  days. 
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As  regards  such  hand  labor  as  canying  iron,  it  is  of  interest  to 
note  how  prone  men  are  to  accident  even  after  they  have  had  con- 
^derable  experience. 

PIO  MACHINE,  LADLB  H0V81B,  AND  SXUIiL  DBOP. 

PIG  Mt^tSmNB. 

I.  Lime  man  was  ustng  winch  when  cable  tended  to  run  off  grove.  In  gold- 
iag  cable  with  hand«  fingers  were  caught  between  cable  and  drum.    D. 

Z  Ladle  man  placed  crane  hook  on  lug  of  runner  and  gave  hoisting  signaL 
When  hoist  was  made,  his  fingers  were  caught  between  chain  and  runner,  and 
his  little  finger  was  fractured.    B. 

3.  In  tilting  Indle  to  pour,  pig-niachlne  man  kept  fingers  between  hook  and 
lug  of  ladle.    Thumb  and  fingers  were  lacerated.    D. 

4.  Laborer,  in  wheeling  scrap  in  cellar  of  machine,  slipped  on  wet  pavement 
and  cut  Up  on  scrap.    D. 

5.  Laborer  in  adjusting  pigs  that  projected  over  side  of  car  slipped  and 
fell  from  top  sill  to  track,  spraining  ankle.    Bf 

d  Trous^hman,  in  cleaning  runner,  had  foot  on  bar  to  pry  scrap.  When  scrap 
loflsmed,  bar  ffell  on  other  foot.    D. 

7.  Scrapper  was  punching  sticker  out  of  molds.  Pig  fell  out  and  broke  and 
flying  fragments  hit  man's  eye.    D. 

&  Laborer  passed  under  mold  chain  while  machine  was  in  operation.  Wheel 
fell  on  head.    D. 

9.  Carman  was  standing  opposite  chute  taking  car  numbers  while  cars  were 
bein;^  loaded.  Spall  flow  from  a  pig  dropping  from  chain  to  chute,  and  cut 
«yc.   C. 

10.  Pig-mnchinc  laborer  was  holding  chisel  to  cut  cotter  pin  from  wheel  pin 
■or  shaft     End  of  pin  flew  and  cut  eyeball,  causing  loss  of  sight    B. 

II.  Troughman  got  hot  graphite  in  eye  while  casting.    D. 

12.  Helper  was  carrying  scrap  from  pouring  end,  and  tore  thumb.    D. 

13.  Pourer  was  throwing  scrap  from  conveyor  tough,  when  foot  slipped  and  he 
fell  with  the  scrap.    C. 

14.  I^Lnchiue  laborer  was  holding  bar  to  cut  sticker  from  mold.  Helper  missed 
bnr  and  struck  man's  nose  with  sledge.    D. 

15.  Ladlemnn  was  operating  dumper  lever  and  struck  himd  against  nail  pro- 
truding from  controller  box  adjacent  to  lever.    Infected  puncture  of  hand.    D. 

IG.  Eye  of  laborer  unloading  lime  became  inflamed  from  lime  dust  lodging 
on  the  eyeball.    D. 

17.  Hot  spray  of  milk  of  lime  was  blown  into  foreman's  eye  from  lime 
▼ats.    a 

18.  Laborer  accidentally  stepped  into  tank  of  hot  llmewater,    D. 

19.  Lime  man  was  turning  off  steam  line  at  vnt  when  foot  slipped,  causing 
l»lin  to  plunge  orm  into  vat  of  hot  lime  water.    C. 

20.  Lime  tender  was  stirring  lime  in  lime  box  with  hoe  and  slipped  into 
vat   B. 

21.  Pig  sticker  became  ^veloped  in  steam  cloud  and  stepped  into  hole  of 
hot  water.    D. 

22.  Carman,  in  descending  from  casting  end  by  ladder,  was  caught  in  project- 
ing set  screw  on  rear  sprocket  wheel  drive  shaft    B. 

23.  As  helper  was  barring  scrap  from  mold-chain  rail  beneath  spout  tiot 
nietal  splashed  on  him.    0. 
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24.  Hand  became  Infected  beneath  callous.    D. 

25.  Iron  ran  into  mold  containing  cold  sticker,  causing  explosion  that  blew 
•*  sticker  *'  out  of  mold  into  operator's  shanty,  hitting  him  on  head.    D. 

26.  Pourer  was  struck  on  hand  by  hot  metal  flying  from  explosion  of  hot 
metal  in  wet  trough.    D. 

27.  Man  was  pouring  pig-machine  wheels  when  mold  exploded,  burning 
back.    D. 

28.  Pig-machine  helper  was  burned  by  explosion  of  hot  metal  when  it  ran 
into  cold  or  wet  mold.    D. 

20.  Man  was  cleaning  up  in  cellar  while  ladle  was  being  poured.  Consider- 
able iron  ran  over  mold ;  hit  water  on  floor  of  cellar  and  exploded.     D. 

90.  Helper  was  poling  iron  in  trough  and  a  ^lash  or  spitting  of  iron  burned 
eye.     D. 

31.  Helper's  goggles  became  clouded  with  steam.  He  pushed  them  back  od 
forehead  when  a  small  splash  of  metal  hit  eyes.    G. 

Accidents  similar  to  Nos.  1,  2,  and  3  are  common  in  iron  and  steel 
plants.  Perhaps  the  primary  cause  is  that  the  man,  after  making  a 
hitch  about  an  object,  fails  to  keep  a  certain  tautness  in  a  chain  or 
cable  until  the  crane  tightens  up  on  the  line.  Care  should  be  taken 
in  doing  this  to  keep  the  hand  away  from  any  side  obstruction,  and 
especially  to  keep  it  above  the  hitch  so  that  it  will  not  be  caught  or 
struck.  When  simple  hooking  on  is  being  done,  a  safety  hand  grasp 
should  be  provided  on  the  back  of  the  hook,  as  injury  appears  to  be 
ultimately  almost  inevitable  when  men  have  to  grasp  the  body  of  the 
hook  in  guiding  it. 

In  working  about  places  that  are  apt  to  be  littered  with  scrap  and 
to  be  wet  from  spray  water,  care  should  be  taken  not  to  overload  the 
barrow  and  to  clear  a  path  for  the  barrow  when  wheeling  out  scrap. 
No  one  should  be  allowed  to  walk  on  top  of  the  sides  of  cars,  as 
the  sills  are  apt  to  be  warped  and  crooked,  causing  a  man  to  lose 
his  balance.  Barring  down  scrap  tightly  stuck  to  runners  is,  at 
best,  somewhat  venturesome.  It  is  work  that  has  to  be  done,  never- 
theless, and  in  spite  of  care  a  bar  will  occasionally  fall  when  the 
scrap  comes  loose  or  gives  way  suddenly.  New  men  should  be 
warned  and  instructed  in  the  safest  way  to  do  the  work.  Jumping 
on  or  pushing  down  bars  with  the  feet  is  the  most  dangerous  way. 

Practically  the  only  safeguard  to  prevent  such  accidents  as  No.  9 
is  a  screen  alongside  the  car  track  opposite  the  pig-machine  chutes. 
Screens  at  the  end  of  the  conveyor  or  strands,  where  the  pigs  drop 
onto  the  car  chute,  are  equally  efficient,  though  they  do  not  prevent 
spalls  from  flying  out  of  the  car  when  the  pigs  drop  on  top  of  the 
iron  already  in  the  car.  Howe^-er,  they  protect  men  working  at  the 
end  of  the  chutes  punching  out  stickers,  where  mechanicnl  knoehais 
are  inadequate  or  unprovided.  One  man  was  seve'i-ely  injured  in 
the  eye  by  a  flying  piece  from  a  pig  that  hit  a  manganese-steel  cliiite. 

Another  safeguard  that  should  be  standard  is  a  plate  canopy 
beneath  the  mold  chain,  between  two  adjacent  structural  columns. 
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Men  can  pass  beneath.  Ihe  canopy  or  can  stand  under  it  while  watch- 
ing for  stickers  when  the  machine  is  in  operation  without  any  danger 
of  pigs  dropping  on  their  heads.  (See  PL  VIII,  A,)  A  rail  should 
be  placed  along  the  rest  of  the  side  columns  to  keep  men  from  going 
under  the  chain  at  any  point  except  where  the  canopy  is  placed.  The 
plate  can  not  extend  indefinitely  from  front  to  back,  and  to  save 
a  few  seconds  some  men  will  take  a  short  cut  unless  prevented. 

The  somewhat  costly  safeguards  mentioned  prevent  only  a  small 
proportion  of  injuries,  some  of  which,  possibly,  have  not  yet  been 
encountered  at  many  plants.  The  safeguards  should  be  considered 
as  a  part  of  the  general  investment  that  is  calculated  to  reduce 
insurance  rates,  not  as  isolated  devices  of  problematical  usefulness. 
A  further  precaution  should  be  the  requirement  that  men  working 
beneath  a  pig  machine  or  at  the  casting  end,  or  engaged  in  sledging 
or  cutting,  shall  wear  goggles. 

A  safety  committee  of  workmen,  consisting  of  an  electrical  mill- 
wright or  handy  ihan,  ^  pig-machine  pourer,  a  cast-house  helper,  and 
a  trestle,  yard,  shift,  or  "  straw  "  boss,  if  they  are  thoroughly  inter- 
ested and  have  authority  to  correct  dangerous  practices,  and  are 
familiar  with  the  character  of  such  accidents,  can  do  much  to  pre- 
vent accidents,  not  only  at  the  pig-machine  but  all  over  the  plant, 
as  at  the  trestle,  the  stock  house  and  the  cast  house.  Haphazard, 
unstandardized  methods  of  work,  rather  than  carelessness,  are  often 
the  essential  cause  of  these  accidents.  The  foreman,  evein  more  than 
a  committee,  must  correct  such  methods  of  work;  must  show  the 
men  how  to  carry  scrap  efficiently,  how  to  stand  and  swing  a  sledge 
effectively,  and  how  to  hold  a  bar  to  best  advantage.  Hand-labor 
and  hand-tool  accidents  are  said  to  be  the  most  difficult  to  foresee 
and  prevent.  Perhaps,  more  can  be  accomplished  by  training  the 
force  to  a  high  degree  of  skill  in  their  routine,  every  day  work  than 
by  specializing  in  a  purely  safety  campaign,  as  usually  a  capable 
man  is  a  careful  man. 

Accident  31  emphasizes  a  general  complaint  in  regard  to  goggles — 
that  they  become  steamed  and  must  be  removed  and  wiped.  Often 
the  necessity  of  attention  to  the  work  does  not  permit  immediate 
cleaning  and  they  are  cast  aside.  Many  companies  say  that  they 
have  been  unable  to  obtain  goggles  without  this  defect.  If  the 
steaming  of  goggles  becomes  insufferable,  butt  welders'  masks  should 
be  used  because  the  considerable  number  of  eye  injuries  indicates 
that  some  eye  protection  is  essential.  If  goggles  are  slipped  over 
the  eyes  only  when  the  wearer  approaches  or  faces  hot  metal,  the 
effects  of  steaming  are  not  so  noticeable. 

Attention  should  be  given  the  footwear  of  men  working  about 
casting  operations.    Tightly  fitting  shoes,  without  cracks,  should  be 
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worn,  and  trousers  of  wocd  or  haid  jeui  dioidd  come  down  o^er  the 
tops.t  Leggings  are  feasible,  but  are  not  looked  apon  as  necessary  by 
the  great  majority  of  companies. 

Explosicms  of  hot  metal  poured  into  cold  or  wet  molds  are  common. 
Wlicn  the  casting  machine  is  being  used  regularly  for  each  cast,  there 
is  the  least  danger  of  such  explosions;  but  when  it  is  used  only  in- 
frequently for  excess  or  off-grade  iron,  there  are  often  noisy  detona- 
tions and  considerable  flying  of  sparks,  and  occasionally  a  violent 
explosion  occurs.  Wet  molds  can  be  largely  prevented  if  the  roof 
over  the  casting  machine  is  kept  free  from  leaks,  and  in  very  cold 
weather  excessively  cold  molds  can  be  avoided  by  a  coke  jack  or 
brazier  under  the  mold  chain.  Flying  sparks  from  wet  or  cold  molds 
cjin  be  held  down  by  shields  over  the  runner  spout  where  the  iron 
drops  into  the  molds,  the  shields  being  similar  to  those  mentioned  for 
cast-house  spout  junctions  and  punch-out  gates. 

The  pourer's  window  is  best  protected  by  a  heavy  screen.  Trough 
men  can  only  infrequently  work  from  behind  shields,  though  some 
plants  have  provided  corrugated-iron  shields  having  a  hole  through 
which  the  trough  man  can  ravel  or  pole  the  graphite  in  the  runners. 
To  permit  trough  men  to  get  from  one  side  to  another  of  a  double- 
spout  pouring  trough,  a  crossover  above  the  chains  should  be  pro- 
vided. Care  should  be  taken  to  see  that  the  runners  are  dry,  and 
before  the  iron  is  poured  any  crust  of  cinder  or  coke  dust  on  top  of 
the  iron  in  the  ladle  should  be  broken  up,  so  that  it  will  not  hold  the 
iron  back  and  form  a  dam  that  will  break  through  and  allow  the 
iron  to  pour  out  faster  and  with  a  greater  splash  than  is  safe.  Only 
long  poles  should  be  used,  and  men  ^ould  avoid  as  much  as  possible 
getting  close  to  the  runners,  especially  when  the  ladle  is  a:bout  to  be 
tilted. 

Men  unloading  lime  should  be  provided  with  ^ggles  with  solid 
side  pieces  instead  of  gauze,  and  with  no  gaps  at  the  top,  sides,  or 
bottom.  A  lime  bum,  either  of  the  eye  or  skin,  is  apt  to  be  severe 
and  of  long  duration.  Valves  for  lime  vats  and  lime  sprays  should 
be  so  placed  that  they  can  be  operated  from  beneath  the  mold  chains 
at  a  safe  distance  from  the  mixing  box.  It  is  preferable  to  mix  the 
lime  in  a  box  adjacent  to  the  lime  storage  bin,  whence  it  may  be  run 
to  the  vats  beneath  the  stands.  This  arrangement  tends  to  promote 
safety  and  efficiency  in  getting  a  rich  milk  of  lime  with  no  foreijm 
matter  in  it  to  cause  clogging  of  the  sprays,  as  frequently  occui-s 
when  the  lime  is  mixed  in  the  spray  vats.  The  mixing  box  should 
be  protected  with  a  railing  and  foot  board.  For  convenience,  the 
rail  should  be  hinged  so  that  it  can  be  turned  up  when  the  vat  is  to 
be  cleaned. 

Holes  and  sewers,  especially  those  carrying  hot  water,  should  be 
provided  with  gratings. 


SAFEGUARDS  FOR  PIQ-CASTmS  PLANT, 
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Secent  pig  machines  have  sleps  provided  for  access  to  the  rear 
platform.  Projecting  set  screws  should  be  replaced  with  counter- 
sunk  screws  or  have  a  guard  placed  about  them. 

Although  many  plants  do  not  place  rails  immediately  beneath 
the  spout,  thus  doing  away  with  a  source  of  considerable  annoy- 
ance, the  barring  of  scrap  from  rails  irom  beneath  or  the  adjusting 
of  sprays  diould  be  done  between  caals,  when  iron  is  not  being  poured. 

The  type  of  infection  represented  in  accident  24  is  not  uncom- 
mon among  men  making  frequent  use  of  bars.  It  usually  develops 
from  the  formation  and  breaking  of  a  common  water  blister. 
Special  mention  should  be  made  to  the  men  of  the  liability  of  lost 
time  if  ordinary  water  blisters  are  neglected  or  undkillfuUy  opened. 

IiA0Iil<:    HOUSE. 

1.  Ladle  man  attached  chain  hook  to  rim  skuU.  As  chain  tightened,  finger 
was  caught  between  hook  ancl  scrap.    D. 

2.  Man  hooked  chain  to  scrap  and,  not  noting  that  chain  was  about  leg,  gave 
hoist  slgnaL    Leg  was  caught  and  broken.    O. 

3.  Ladle  skuller,  In  dumping  rubbish  bucket,  bad  finger  caught  and  crushed.  G. 

4.  Lndle  cleaner  signaled  to  raise  bucket  of  scrap.    As  bucket  was  hoisted,' 
It  swung  around  and  knocked  man  against  ladle  truck.    B. 

5.  Laborer  in  <*ar  unloading  scrap  from  bucket  was  struck  by  bucket  swing- 
ing; broken  arm.    B. 

6.  Ladle  man  was  signaling  cruneman  to  lower  thimble  into  thimble  frame 
of  dnder  truck.  Kept  fingers  on  frame,  and  they  were  crushed  as  thimble  slid 
Into  frame.    B. 

7.  Man  standing  under  crane  was  struck  when  chain  was  pulled  from  beneath 
ladle  skull  and  swung ;  fractured  jaw.    B. 

S.  Ladle  skuller  was  cleaning  ladle  when  rim  skull  fell  out  onto  foot.    B. 

9.  Casting-machine  man  was  cleaning  liniing  from  ladle.  Ladle  was  turned 
Qp  and  the  lining  collapsed  and  feU  on  him.    D. 

10.  As  laborer  was  raking  cleanings  from  ladle,  skull  on  ladle  nose  fell  on 
his  foot.    D. 

11.  Laborer  was  sledging  scrap  when  piece  bounded  and  struck  ankle.     D. 

12.  Iron  pourer  was  loading  scrap  and  tore  nail  from  index  finger  by  catching 
H  on  scrap.    D. 

13.  Ladle  man  was  prying  scrap  off  ladle  spout  when  bar  came  up  suddenly, 
bmising  groin.    G. 

14.  Ladle  liner  had  bar  under  piece  of  scrap  which  was  being  hoisted. 
Hitch  slipped  and  scrap  fell  back  on  bar.  throwing  It  against  man's  jaw,  frac- 
turing it    B. 

15.  BrMklayer,  working  about  ladle  pit,  slipped  and  fell  into  it    D. 

Id  Conductor  was  making  cut  on  ladles  while  men  were  cleaning  ladle  Into 
queDchlng  pit.  B3xplosion  occurred  in  pit,  throwing  hot  water  and  metal  over 
conductor.    D. 

17.  Ladle-house  man  was  pulling  cleanings  into  chills,  when  iron  dralnings 
exploded.    EyeUds  and  face  burned.    D. 

IS:  Pig-machine  helper  was  chilling  ladle  cleanings  with  hose  and  was  cut 
and  burned  by  explosion  of  hot  metal.    D. 
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19.  Ladle  liner  turned  furnace  gas  into  ladle  to  dry  lining.  He  then  dropped 
burning  waste  into  ladle  and  gas  exploded,  burning  him.    D. 

20.  Torch  exploded,  burning  men  working  on  ladl^  lining.    B. 

21.  Laborer  had  piece  of  hot  ladle  scrap  fall  into  glove.    D. 

22.  As  extra  man  was  cleaning  ladle,  spark  flew  into  eye.    B. 

23.  As  lalwrer  was  cleaning  ladle,  molten  iron  dammed  in  ladle  by  Wsh  ran 
into  shoe.    B. 

24.  Ladle  cleaner  stepped  Into  quenching  pit  filled  with  scalding  water.    B. 
•  25.  Crane  operator  was  burned  by  fuse  blowing  out  on  switch.     C. 

The  two  "  hooking-on ''  accidents  are  typical.  Personal  careful- 
ness will  prevent  such  injuries,  as  there  is  little  or  no  hazard  in  such 
operations  if  the  workman  knows  of  the  possibilities  of  danger  and 
exercises  reasonable  preo^otion. 

Short  bars  should  not  be  used  in  skulling  ladles,  until  rim  skulls 
and  loose  brick  have  been  knocked  or  pulled  out«  as  they  are  apt  to 
fall,  when  men  are  close  up  working  on  bottom  skulls  or  daubing  the 
nose  of  the  ladle. 

A  safeguard  to  prevent  accidents  like  No.  15  might  be  provided. 
The  ladle  pit  is,  as  a  rule,  set  with  its  top  flufth  with  the  Ladle-house 
floor.  By  extending  the  wall  of  the  pit  and  providing  a  coping  18 
or  13J  inches  thick  by  perhaps  2  feet  high,  some  protection  would  be 
afforded  and  no  handicap  to  relining  would  be  interposed.  Ample 
light  over  these  lining  pits  should  be  provided. 

Accidents  such  as  1  to  15  can  not  be  much  reduced,  even  by  the 
making  and  enforcing  of  rules,  for  such  work  is  only  slightly  amen- 
able to  rules.  Successful  accident  prevention  must  be  obtained  by 
largely  arousing  the  interest  of  the  men,  directly  or  indirectly,  in 
their  work  by  inviting  them  to  solve  plant  problems  of  operation  and 
safety  devices. 

Quenching  pits,  that  is,  pits  filled  with  water  into  which  ladle  scrap 
and  kish  are  dumped  are  largely  coming  into  use.  Several  explo- 
sions have  occurred,  not  necessarily  explosions  resulting  in  injury, 
though  of  some  violence.  The  reason  for  the  use  of  the  pits  is  that 
contact  with  water  causes  the  cleanings  to  granulate,  so  that  they  can 
easily  be  forced  through  an  ordinary  ore-bin  door,  whereas  the  solid- 
ified skull  of  iron  and  graphite  obtained  by  pouring  ladle  cleanings 
onto  the  ground  or  into  chills,  even  after  breaking,  is  so  rough  that 
it  sticks  in  a  bin.  This  advantage  is  so  marked  that  these  pits  have 
undoubtedly  come  to  stay.  Consequently,  they  should  be  made  as  safe 
as  possible:  a  large  volume  of  water  is  necessary.  The  capacity  of  the 
quenching  pit  should  be  at  least  equal  to  that  of  the  ladle  from  which 
the  cleanings  are  dumped.  Two  hundred  cubic  feet  is  a  safe  mini- 
mum, and  some  plants  have  pits  with  twice  to  ten  times  this  capacity. 
So  long  as  the  water  is  in  large  excess,  explosion  can  not  occur  when 
hot  metal  is  beneath  it,  the  chilling  effect  being  suflScient  to  retard 
the  speed  of  the  steam  or  hydrogen  forming  reaction.    However,  in 
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spite  of  large  water  capacity,  the  circulation  of  water  is  usuaUy  te- 
tarded  and  large  amounts  of  hot  metal  may  be  in  contact  with 
small  amounts  of  stagnant  water,  becau$ie  the  ladle  cleanings  drop 
into  a  bucket,  submerged  in  the  water,  which  obviously  retards  the 
currents  of  water  from  starting  circulation  throughout  the  pit  and 
may  permit  a  rapid  formation  of  steam  in  contact  with  the  hot  iron. 
The  pit  bucket  should  have  a  capacity  of  160  cubic  feet,*  and  should 
run  down  into  the  pit  on  a  short  skip  incline,  be  submerged  in  the  pit, 
and  be  automatically  dumped.  With  this  arrangement,  without  ex- 
penditure of  labor  or  the  use  of  a  crane,  the  bucket  can  be  dumped 
after  each  ladle  is  cleaned,  and  the  accumulation  of  scrap  in  the 
bucket  can  be  avoided  as  well  as  the  contact  of  a  large  amount  of  hot 
iron  with  a  small  amount  of  water.  If  it  is  necessary  to  grapple  for 
the  bail  of  the  bucket  and  to  hoist  the  bucket  into  cars  by  an  overhead 
crane,  there  is  a  tendency  to  allow  a  dangerous  accumulation  of  scrap, 
the  bucket  not  only  becoming  full  but  the  scrap  getting  near  the  sur* 
face  of  the  water.  The  pit  should  be  provided  with  a  heavy  steel 
shield  behind  which  the  men  can  work,  because  occasionally  heavy 
cleanings  may  be  carelessly  permitted  to  rush  into  the  pit  and  may 
cause  minor  or  possibly  serious  explosions.  Bars  and  rakes  of  the 
longest  practical  length  should  be  us^id.    Side  railings  are  advisable. 

Explosions  of  gas  while  it  is  being  lighted  in  ladles  to  dry  them 
can  be  avoided  by  dropping  a  bunch  of  oily  waste  or  burning  paper 
in  the  bottom  of  the  ladle  before  turning  on  the  gas.  Explosions 
of  torches  are  usually  caused  by  setting  the  torch  on  a  hot  surface, 
scrap,  slag,  cleanings,  or  plates. 

Accidents  like  others  mentioned  can  be  largely  avoided  by  using 
long  bars  in  breaking  up  hard  kish  and  skulls  in  starting  to  drain 
the  ladle.  After  rim  skulls  and  the  loose  cleanings  have  been  re- 
mo^-ed<,  close  work  with  short  bars  and  sledges  does  not  involve  any 
marked  risk,  so  long  as  the  men  wear  goggles  or  maslcs.  The  ground 
or  chills  should  be  perfectly  dry. 

Accidents  like  accident  1  are  purely  a  hazard  of  the  work. 

All  fuses  on  mill  circuits  should  be  inclosed,  or  put  where  they 
are  not  in  range  of  men  working  nearby. 

Cranemen  and  crane  oilers,  upon  coming  on  turn,  should  make  a 
daily  inspection  of  their  cranes  for  loose  tools,  bolts,  or  other  mate- 
rial that  might  fall  off.  To  locate  loose  nuts  of  bolts  requires  a  thor 
ough  examination,  and  it  can  not  be  expected  that  such  defects'  will 
always  be  noticed,  any  more  than  it  is  to  be  expected  that  men  will 
happen  to  be  under  cranes  at  the  precise  moment  when  a  bolt  or 
other  part  drops.  However,  daily  inspection  by  the  crancman,  with 
an  occasional  regular  detailed  inspection  by  an  electrical  millwright, 
wUl  minimize  the  chance  of  siich  injuries. 
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Injuries  caused  by  pinching  of  the  hands  in  handling  ladles,  or 
equipment,  like  most  injuries  in  which  men  are  caught  in  simple 
machinery,  are  not  to  be  foreseen.  After  scch  an  accident  the  in- 
jured frequently  can  not  tell  why  or  how  he  got  caught.  If  men 
injured  in  this  way  are  rightly  handled  by  their  foremen  after  they 
return  to  work,  they  can  usually  be  converted  into  careful  workeiiB 
and  active  safety  men  for  a  time.  To  Iceep  them  intore^d  nKjuires 
effort 

SKULL    DROP. 

Though  a  skull  drop  is  operated  at  all  furnaces  having  iron  ladles, 
it  is  difficult  to  segregate  skuU-drop  or  skuU-crackcr  accidents  at 
furnaces  and  steel  plants  and  to  definitely  apportion  them  to  furnace 
operations. 

1.  As  scrap  breaker  was  puUinc  chain  to  release  baU  at  BkaU  cracker,  chatn 
paUed  apart,  having  previoiisly  broken  and  been  mended  with  wire,  against 
orders.    Cut  of  scalp.    D* 

2.  Cranemnn,  in  coming  down  ladder  from  cab,  slipped  and  fell  30  feet 
to  ground.  Fractured  wrist,  bruised  head,  knee,  and  shoulder,  find  internal 
injuries.    B. 

3.  Turn  man  started  to  pull  pulley  block  off  track,  but  as  he  grasped  the 
cable  the  engineer  started  the  hoist  and  dr^^w  turn  man's  hand  into  block.  End 
of  little  flnger  amputated.    C. 

4.  Laborer  had  eyes  blinded  and  burned  by  excessive  light  from  arc  burner.   D. 

5.  Laborer  was  working  at  scrap  drop  when  molten  iron  from  a  piece  just 
broken  ran  Into  water  and  exploded.  Burns  of  neck,  side  of  face,  elbow,  and 
wrist.    D. 

6.  Ladle-house  man  was  helping  break  scrap  at  skuU  cracker.  In  runuini; 
hoist,  craneman  raised  and  stopped  bucket  too  suddenly  and  caused  scrap  to 
fall  off  bucket  onto  head  and  shoulders  of  ladle-house  man.  Cuts  and  bum^ 
of  scalp  and  shoulder.    C. 

7.  Laborer  working  In  scrap  yard  was  struck  by  flying  piece  of  scrap  broken^ 
off  by  drop  ball.    Loss  of  sight  of  right  eye.    B. 

8.  Laborer  was  loading  scrap  on  car  at  skull  cracker  and  let  i^ece  fall  od 
foot.    D. 

9.  Laborer  helping  at  scrap  yard  hooked  crane  hook  onto  scrap  bucket,  and 
signaled  cranemen  to  hoist  He  was  holding  hook  on  clevis  and  when  crane 
lifted,  bucket  swung,  catching  foot  between  bottom  of  bucket  and  piece  of 
heavy  scrap  near  pile.    Cut  and  wrenched  anlEle.    D. 

The  standardized  safeguard  about  a  skull  cracker  is  an  inclosui*e 
on  all  four  sides,  built  of  reinforced  concrete,  concrete-filled  steel 
pipe,  or  timbers,  with  an  opening  for  the  cars.  At  all  plants,  ex- 
cept a  few  where  the  breaking  of  fnmaoe  scrap  is  done  in  a  ladle 
or  the  cast  house,  the  operator  is  provided  with  a  sturdy  steel-plate 
shield,  or  with  a  cage  inclosed  with  screens  or  bars.  A  rope  or 
cable  is  preferable  to  h.  jhain  for  releasing  the  ball,  and  should  ex- 
tend outside  the  drop  inclosure.  The  ball  man  diould  be  protected 
when  he  trips  the  catch.    As  a  further  measure  of  protection,  signs 
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irilh  a  white  ^Danger"  on  a  red  background  should  be  placed  on 
etch  side  and  at  all  approachea 

The  personal  element  is  a  large  factor,  as  the  outline  of  accidents 
9how&  Loading  and  hooking  aa  of  the  crane  and  other  hand  labor 
offer  plenty  of  opportunity  for  the  cooperation  of  the  men  in  re- 
ducing the  number  of  injuries  after  the  management  has  provided 
all  reasonable  safeguards  around  the  skull  drop. 

ajJa-XAIN  SYSTEM,   GAS  CLEANING,  AND  STOVES. 

GA0-MAIK    8TBTEM. 

h  Bricklayer's  helper,  working  od  temporary  platform  on  gat  main,  fell  to 
ground.     D. 

2,  Boilermaker's  helper  fell  from  platform  In  mi^dng  repair^  at  dast 
catcher.    D. 

3.  Rigger,  in  bolting  manhole  head  on  gas  main,  slipped  and  fell  to 
iroond.    D. 

4  While  handling  hrlck  on  top  of  hot-blast  Talve  chamber,  laborer  slipped 
and  fell  to  pavement.    D. 

5.  Boilermaker's  helper  was  changing  bell  at  dust  catcher.  Scaffold  he  had 
boift  gave  way,  and  he  jumped  to  gtoitnd.    D.  ^ 

6.  Carpenter  overloaded  platform  on  which  he  was  working,  causing  it  to 
give  way.     Fell  8  feet    O. 

7.  Flue-dust  man,  standing  on  plank  across  top  of  hopper  car,  was  cleaning 
(lownleg  chute.    Plank  broke,  throwing  him  to  the  b«ttoni  of  car.    0. 

S.  Liaborer's  neck  was  burned  by  hot  dust  w^hile  he  was  cleaning  downleg.    G. 

9.  Laborer  was  cleaning  gas  main.  Board  on  which  he  was  working  sank 
into  dust  causing  bums  of  ankle.    C. 

10.  As  yard  laborer  opened  bell  on  downleg,  dust  flowed  over  leg.    B. 

11.  Laborer  was  on  wall  next  flue  dust  car  and,  thinking  dust  cold  and  hard 
from  watering  15  minutes  previous,  jumped  into  car,  sinking  foot  Into  flue 
dust    B. 

12.  Labor  foreman  had  men  cleaning  under  dust  catcher.  Ordered  men  from 
beneath,  an  the  bell  had  to  be  dumped.  Just  as  the  bell  was  lowered,  foreman 
^rang  back  beneath  catcher  to  recover  shovel  and  was  caught  In  shower  of 
bet  dwt     B. 

13.  Rigger  allowed  wrench  to  fall  from  main;  it  struck  top  of  laborer's 
head.    D.  • 

14.  Laborer  was  struck  on  head  by  brick  from  gas-main  platform.     D. 

15.  Man  was  holding  cutter  on  rivet  when  head  flew  up  and  hit  eye.    D. 

16.  As  man  was  tearing  scaffold  from  dust  catcher,  he  punctured  his  hand. 
Neglected  to  report  and  infection  developed.    D. 

17.  Rigger  was  swinging  connection  into  place  on  gas  main.  Shackle  broke, 
^^  piece  swung  about,  knocking  man  to  ground.    B. 

18.  While  rigger  was  changing  hot-blast  valve,  an  explosion  of  gas  in  ho*- 
hlast  valve  chamber  burned  him.    B. 

Accidents  1  and  2  could  have  been  avoided  if  wooden  or  rope  rail- 
ings had  been  provided  on  the  temporary  platforms.  Walks  and 
niilings  placed  along  the  tops  of  the  mains  would  have  prevented 
accidents  8  and  4. 
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Accident  5  shows  that  only  carpenters  should  build  temporary 
scaffolds.  Accident  6  should  not  have  happened  as  the  injured  man 
was  presumably  in  the  position  to  know  the  strength  of  the  scaffold. 

Accident  7  is  a  common  type  in  yard  and  track  work.  An  inspec- 
tion committee  can  locate  the  defective  or  inadequate,  planks,  and 
it  is  also  strictly  the  business  of  labor  and  turn  foremen  to  look  out 
for  such  unsafe  planks. 

With  the  exception  of  the  two  accidents  last  mentioned,  the  in- 
juries are  characteristically  due  to  lack  of  care  or  skill  on  the  part 
of  the  injured  or  their  foremen.  The  construction  of  platforms  with 
toe  boards  and  the  removal  of  loose  material  from  high  places  whence 
it  may  fall,  together  with  signs  to  warn  men  of  work  overhead,  are 
safety  measures  needing  emphasis. 

From  time  to  tim^  breakage  of  rigging  tackle  has  caused  a  serious 
accident.  Inspection  of  this  equipment,  specification  of  tackle  for  a 
particular  job  by  the  boss  rigger,  and  supervision  of  hitches  and 
working  positions  of  men  in  the  gang  by  either  the  boss  rigger  or  a 
careful  and  capable  gang  foreman  are  essential. 

The  foreman  involved  in  accident  12  had  had  23^  years'  experience 
about  blast  furnaces,  and  must  have  been  perfectly  conversant  with 
the  work  and  with  the  chance  he  took.  In  spite  of  a  safety  cam- 
paign of  five  years'  duration,  the  safety  impulse  had  seemingly  not 
been  sufficiently  awakened  in  him.  Such  accidents  are  baffling,  for 
if  foremen,  supposedly  of  greater  intelligence  than  their  men,  fail  to 
comprehend  the  rudiments  of  a  safety  campaign  but  persist  in  taking 
foolish  chances  themselves,  even  on  the  spur  of  the  moment,  it  is  too 
much  to  expect  men  of  less  ability  to  grasp  the  idea,  and  it  is  mani- 
festly wrong  to  discipline  them  for  their  failure  to  do  so.  For  in- 
stance, this  particular  foreman  would  be  in  poor  position  to  repri- 
mand even  the  laborer  who,  in  accident  11,  jumped  off  into  a  car  of 
freshly  dumped  flue  dust. 

Accident  9  illustrates  a  method  of  work  that  is  better  done  by 
flushing  water  into  the  main  wi^i  a  high-pressure  hose.  Accident 
S  could  have  been  prevented  by  having  the  dust-bell  lever  provided 
with  cables  running  over  a  pulley,  enabling  the  men  dumping  the 
dust  leg  to  stand  away.  Dust  catchers  should  be  similarly  equipped. 
A  clamp  to  prevent  the  bell  from  being  opened  by  a  slip  or  by  ex- 
cessive weight  of  dust  is  well  warranted. 

Explosions  of  gas  in  the  main  when  hot-blast  valve  seats  are  being 
changed  are  infrequent.  When  this  work  is  done  the  gas  should  be 
drafted  Tback  through  the  stove  nearest  the  furnace  between  the  valve 
under  replacement  and  the  furnace.  Assuming  the  valve  in  No.  2 
stove  leaking  and  the  No.  1  stove  valve  off  for  cleaning,  or  No.  1  stove 
valve  leaking,  the  gas  must  then  be  drafted  past  the  hot-blast  valve 
chamber  under  repairs  to  a  further  stove.    Occasionally  when  the  hot- 
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blast  Talve  seat  is  slid  out  the  gas  ignites  explosively.  At  one  plant, 
where  a  serious  accident  of  this  description  occurred  some  years  ago, 
the  tuyeres  are  plugged  when  a  No.  1  stove  seat  must  be  changed. 

Some  plants  experiencing  excessive  cracking  and  leaking  of  valve 
seats  have  replaced  the  bronze  water-cooled  seat  with  solid  cast-iron 
or  steel  seats.  The  author  does  not  know  whether  their  use  has 
proved  successful.  Pressed  and  welded,  water-cooled.seats  are  success- 
fully used. 

STOVES. 

1.  LAborer  was  on  top  of  checkers  cleaning  same  when  gbs  escaping  from 
burner  asphyxiated  him.    D. 

2.  Rigger  was  caught  between  bracket  and  stairway  in  construction.    A. 

3.  As  hot-blast  valve  was  being  hoisted,  block  broke,  allowing  valve  to  fall  on 
man's  head.    B. 

4.  Hot-blast  counterweight  cable  broke,  allowing  weight  to  fall  on  man*s 
shoulder.    B.     (Accident  happened  in  1914.) 

5.  Millwright,  working  on  scaffold  at  hot-blast  valve,  fell  when  scaffold 
broke.    D. 

6.  Helper  fell  from  top  of  hot-blast  stove.    No  witnesses.    A. 

7.  Laborer  beneath  checker  arches  was  hit  on  foot  by  pipe  falling  from  hands 
of  top  cleaner.    D. 

8.  laborer  was  in  bottom  of  stove  when  piece  of  brick  fell  through  checkers 
tmto  head.     D. 

9.  Laborer  picking  up  brick  outside  stove  was  hit  on  lips  by  brickbat  thrown 
by  man  working  inside.    D. 

10.  Hot-blast  man  was  struck  by  mixing-valve  wheel  falling  off  stem  owing 
to  loose  nut.     G. 

11.  In  1914,  laborer  was  in  combustion  chamber  loading  brick  into  bucket 
for  repairs  to  checkers.  As  bucket  was  hoisted,  brick  fell  over  side  and  frac- 
tured skull.     A. 

12.  Hot-blast  man  strained  side  pulling  on  valve  winch.    D. 

13.  Stove  cleaner,  Carrying  cover  plate  on  top  of  stove,  had  toes  crushed  when 
eyebolt-  broke  off.    D. 

14.  Rigger,  In  rolling  hot-blast  valve  along  pavement,  ran  valve  over  foot.    O. 

15.  Sto^'e  tender  slipped  on  pavement,  straining  ankle.    C. 

16.  Stove  repair  man  crushed  hand  between  doorframe  and  thumb  nut  in 
closing  stove  door.    C. 

17.  Br|cklayer*8  helper  in  cleaning  checkers  was  struck  in  abdomen  by  gas 
pipe  he  was  plunging  up  and  down  to  dislodge  brickbat  in  plugge<I  checker. 
Peritonitis  from  perforation  of  intestine.    A. 

18.  Millwright  burned  eyes  by  hot  dust  from  packing  gland  of  hot-blast  valve 
stem.    Was  packing  gland  with  blast  on  furnace.    C. 

19.  Man  burned  hand  \H  screwing  light  into  socket,  socket  short-circuiting,    D. 

20.  Stove  tender  turned  steaip  Into  pipe  to  blow  out  checkers.  Hose  burst 
and  steam  scalded  body.     B. 

21.  Hot-blast  valve  burst  on  account  of  steam  pressure  being  too  high. 
Steam  was  used  to  thaw  out  valve.    Helper  scalded.    D. 

22.  Laborer  was  cleaning  stoves,  and  as  dust  was  scrapped  outside  stove, 
M  flue  dust  flew  into  his  eye.    D. 

23.  Mason^B  laborer,  in  wheeling  flue  dust,  stepped  into  pile  of  hot  dust.    D. 
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24.  Pipe  litter's  helper  opened  door  of  stove  to  see  whether  ea^  \vu»  burnt dk. 
when  gas  flashed  back,  burning  his  face  and  forearm.    D. 

25.  Gas  ignited  suddenly  at  burner  door  just  as  stove  tender  stepped  uear 
to  observe  whether  it  was  burning.    Explosive  puff  blew  dirt  in  his  eye.    D. 

26.  Cinder  snapiier  was  through  for  day  and  wns  standing  in  front  of  -itove. 
when  door  clamp  broke  and  escaping  hot  blast  blew  him  against  side  of  ndja- 
cent  stove.    A. 

27.  Stove  cleaner  was  cleaning  stove  well  when  a  slip  in  the  furnace  threw 
dust  and  flame  from  the  bottom  cleaning  door.    D. 

28.  Stove  cleaner  had  been  inside  cleaning  checkers,  and  had  come  out  for 
a  breath  of  fresh  air.  A  slip  in  the  furnace  next  to  the  stove  caused  the  man 
to  fall  off  the  stove.    A. 

The  danger  of  asphyxiation  from  gas  while  men  are  working  in 
stoves  is  chiefly  from  leakage  of  gas  from  gas  valves.  Minor  dangers 
are  as  follows :  From  gas  working  back  into  the  stove  when  the  fur- 
nace is  off  and  the  gas  is  being  drafted  back  past  the  hot-blast  valve 
to  a  stove  beyond  the  one  being  cleaned ;  from  leaky  burners  or  mains 
of  adjacent  stoves;  and  from  gas  turned  into  the  stove  by  an  inex- 
perienced stove  tender.  As  the  nose  of  the  gas  burner  is  within  a  few 
inches  of  the  doorframe  of  the  stove  when  the  stove  is  off  gas,  and 
as  the  burner  nearly  always  leaks  slightly,  it  should  be  turned  on 
its  seat  90°  away  from  the  door,  or  there  should  be  a  blank  put  in 
between  the  burner  base  and  the  rack,  or  between  the  burner  and  the 
interior  seating  valve,  or  the  stove  burner  door  should  be  shut.  In 
addition  it  is  advisable  to  tag  or  lock  the  hot-blast  valve,  as  well  as 
the  burner  valve.  Excessive  leaks  from  near-by  burners  or  downlegs 
should  be  plugged. 

Stove  counterweights  should  be  inclpsed.  (PL  IX,  A.)  Counter- 
weights should  hang  close  enough  to  the  ground  so  that  this  may  be 
done.  Many  counterweights  are  suspended  extremely  high,  and 
present  a  difficult  proposition,  and  auxiliary  cables  are  practically  the 
only  means  of  holding  these  up  if  the  main  cable  breaks. 

Stove  tops  should  be  adequately  railed,  with  a  toe  board  of  12-inch 
plate  at  the  foot.  They  are  preferably  made  of  angle  iron  not  less 
than  2  by  2  inches  by  i  inch,  and  with  at  least  one  intermediate  rail- 
ing. If  made  4  feet  high,  there  should  be  two  intermediate  rails. 
Access  to  dome  cleaning  doors  at  the  top  and  to  checker  cleaning 
doors  beneath  the  main  platform  should  be  by  railed  steps  if  possible. 
When  not  possible,  the  necessity  for  climbing  over  the  top  of  railings 
to  gain  access  to  ladders  should  be  eliminated.  This  fault  is  com- 
mon in  many  stoves.  Each  ladder  should  be  arranged  so  that  a  man 
can  step  off  from  the  top  platform  directly  to  the  ladder  and  de- 
scend with  his  back  to  the.  shell  of  the  stove.  Manholes  on  top  of 
domes  of  two-pass  doors  should  be  provided  with  platforms.  Such 
equipment  is  necessary  because  of  the  great  height  of  the  stoves,  and 
because  of  the  possibility  of  men  being  partly  gassed  and  dizzy. 
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Railed  platf orma  at  the  hot-blaat  Talve  seat  and  at  the  top  of  the 
hot-blast  valve  chamber  are  standard  eonstructicm  on  newly  erected 
plants.  If  these  have  not  been  installed,  a  collapsible  scaffold  sup- 
port  of  li^t  angles  and  flats,  with  plank  to  furnish  the  flooring,  is  a 
time-saving  device,  and  safer  than  a  carelessly  erected  platform. 

Tbe  danger  of  injury  from  brick  falling  from  the  top  of  the 
Ktove  through  the  checker  openings  is  practically  eliminated  if  the 
stove  cleaners  enter  the  top  first,  open  and  brush  all  checkers,  dis- 
lodge disintegrated  and  loose  checker  brick,  and  come  out  before  men 
go  under  the  checker  arches  to  remove  flue  dust  and  brick  debris. 
Tn  tearing  out  skin  walls  and  brickwork,  liability  of  injury  from 
tumbling  or  flying  brick  from  the  doors  is  minimized  by  hanging  a 
steel  plate  a  few  feet  in  front  of  the  door. 

The  mention  of  fatal  injury  is  made  because  this  kind  of  accident 
was  formerly  not  uncommon  during  the  relining  of  furnaces  and 
stoves.  It  is  almost  universal  practice  now  to  build  a  substantially 
covered  scaffold  about  7  feet  high  in  the  bottom  of  the  combustion 
chamber  when  a  skin  wall  is  being  built.  There  is  an  opening  pro- 
vided for  the  brick  bucket.  As  a  rule,  brick  for  repairs  to  the  top  of 
the  checker  are  hoisted  from  the  outside  of  the  stove  and  offer  little 
possibility  of  injury  aside  from  handling. 

Gloves  should  be  worn  when  one  is  screwing  electric-ligbt  bulbs 
into  sockets. 

Only  approved  wire-wrapped  thre»-ply  steam  hose,  purehafied  as 
sQch,  should  be  used  for  blowing  out  fltove  checkers  or  boiler  tubes^ 
and  it  should  be  tightly  clamped  onto  a  steam  union  with  corrugated 
pipe  extension  inside  tbe  hose. 

As  a  rule,  hot-blast  valves  and  seats,  as  well  as  other  bronze  fumace-r 
cooling  equipment^  are  designed  for  use  only  with  low  pressures. 
High-pressure  water  or  steam  is,  therefore,  to  be  used  with  caution. 
Fine-dust  injuries  about  stoves  are,  of  course,  eliminated  if  washed 
gas  is  used.  In  wheeling  dust,  care  should  be  taken  not  to  fill  the 
barrow  too  fulL  Stepping  in  dust  is  well  known  to  be  dangerous, 
and  injuries  from  this  cause  are  due  to  carelessneea  All  dust  should 
be  promptly  cleaned  up.  Wetting  it  is  even  somewhat  hazardous,  for 
if  a  heavy  stream  of  watar  is  turned  on  it,  it  will  fly  surprisingly. 
Stove  cleaners  should  always  wear  goggles. 

Every  nuin  should  be  instructed  not  to  open  stove  doors,  nor  to  go 
near  th^  when  a  stove  is  on  gas.  Only  s^ve  tenders  and  cleaners 
should  be  allowed  to  open  the  doors,  for  they  are  more  apt  to  know 
whether  the  gas  is  liable  to  flash  on  account  of  exeessive  gas,  dirty 
checkers,  or  poor  drafts. 

It  should  not  be  necessary  for  an  experienced  stove  tender  to  look 
into  a  deaning  or  air  door  to  see  whether  the  gas  lights,  as  it  will 


82  HAZARDS  AT  BLAST  FUBKACE8  AND  ACCIDEBrT  PBEVENTION. 

either  light  promptly  at  the  nose  of  the  burner,  back  in  the  weU,  or 
if  it  lights  only  at  the  top  of  the  well  there  will  be  a  puff.  If  the  gas 
does  not  light  promptly,  it  should  be  turned  off  at  once  and  a  hotter 
fire  of  waste  should  be  provided.  When  the  stove  is  full  of  gas  a 
very  explosive  ignition  may  take  place. 

Other  characteristic  injuries  from  slips  about  stoves  are:  Broken 
leg  from  jumping  off  hot-blast  valve  to  escape  slips,  sprained  wrist 
from  fall  while  running  to  escat>e  a  slip,  and  bruised  head  and  back 
from  material  from  slip. 

If  furnaces  do  not  have  closed  tops,  a  signal  whistle  at  least  2}  or 
3  inches  in  size  should  be  plaoed  at  the  top  of  the  trestle.  It  should 
have  operating  wires  for  use  by  the  stock-house  men,  who  usually 
know  when  a  furnace  is  hanging,  and  for  use  by  the  furnace  blower, 
who  can  usually  determine  closely  when  the  furnace  is  about  to  slip 
if  the  blast  is  not  checked,  or,  if  he  has  to  check  the  furnace,  can  give 
ample  wammg. 

If  the  furnace  is  slipping  badly  and  more  than  one  check  is  neces- 
sary, time  should  be  given  stove  cleaners  to  come  out  of  the  stove 
because  gas  may  draft  back  into  the  stove.  A  stove  cleaner  should 
come  out  from  a  cleaning  door  away  from  the  furnace,  and  to  avoid 
uncertainty  the  door  facing  the  furnace  should  be  marked  on  the 
inside  with  red  chalk,  as  confusion  is  easy  inside  the  stove.  Stove- 
well  cleaners  should  be  warned  away  from  cleaning  doors  also.  It 
is  safer  to  clean  the  wells  with  the  burner  shut  off,  as  otherwise 
there  is  likelihood  of  a  burst  of  gas  when  the  furnace  slips.  The 
warning  whistle  is  the  only  whistle  necessary  about  the  furnace 
stack,  and  even  where  the  blowing-room  whistle  is  audible  all  over 
the  plant,  a  special  warning  is  essential. 

One  hazard  about  stoves  is  the  breaking  of  bolts  or  door  yokes 
when  the  stove  is  on  blast.  Such  breaks  occur  without  warning; 
consequently,  men  must  not  be  allowed  to  stand  in  front  of  stove 
doors.  Neither  must  stove  tenders  be  allowed  to  tighten  nuts  on  air 
inlets,  or  on  burner  doors  to  stop  air  leaks  while  the  stove  is  on  blast. 
It  is  equally  dangerous  to  loosen  or  partly  open  blow-off  valves 
before  closing  the  cold-blast  and  the  hot-blast  valves.  The  practice  of 
excessively  tightening  thumb  nuts  on  various  doorframes  before  put- 
ting a  stove  on  blast  is  almost  as  bad  as  tightening  them  after  the 
blast  is  on,  for  as  the  doorframe  and  the  door  heat  up  when  the  blast 
is  on,  an  increased  strain  is  put  on  the  bolts  which,  if  the  elastic 
limit  is  repeatedly  exceeded,  will  ultimately  fail.  CaSt-steel  door 
yokes  are  in  some  plants  replaced  with  two  small  structural-beam  sec- 
tions, which  are  considered  much  more  homogeneous  and  less  liable 
to  conceal  hidden  defects  such  as  blowholes  or  segregations. 

A  locking  device  for  valves  about  a  boiler  is  shown  in  Plate  IX,  B» 
This  device  is  used  as  a  protection  to  a  man  entering  a  boiler.    At 
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one  plant  when  a  man  enters  a  boiler  two  steam  valves,  two  feed 
valves,  and  the  blow-off  valves  between  the  boiler  and  the  main 
headers  are  each  closed  and  securely  locked  by  the  device  (A)  shown, 
which  is  a  hinged  metal  case,  painted  red,  that  is  slipped  over  the 
valve  handle  and  padlocked.  A  metal  tag,  B,  reading  "  Danger,  man 
in  boiler,^'  is  attached  to  each  case.  A  small  tag,  C,  reading  '^  Danger, 
man  on machine,"  is  attached  asan  additional- precaution.  Allboilers 
are  distinctly  numbered  both  in  front  and  in  rear,  the  crown  valve 
on  top  of  each  being  numbered  correspondingly  with  a  metal  plate, 
D.  This  number  can  not  be  effaced  and  prevents  possible  confusion 
leading  to  the  operation  or  locking  of  the  wrong  valve. 

aAS-FISED  BOII.E&  HOUSE. 

L  Boilar  tender  was  muddlng  up  dean-oat  doors  on  dust  leg  and  stayed  in 
*  Kas  too  long.     Asphyxia.    D. 

2.  Water  tender,  in  changing  gas  burner,  was  overcome  by  gas.    D. 

3.  Helper   was  working  on  top  of  boiler  setting  and  was  overcome  with 

m-  i>. 

4.  Water  tender,  in  trying  to  stop  leak  in  gas  burner,  was  overcome  with' 
gas.    C. 

5.  Fireman  was  in  combustion  chamber  cleaning  it    Became  gassed  and 
fell  into  hot  clinker.    B. 

6.  Fireman  was  found  asphyxiated  on  top  of  boiler  setting.    A. 

7.  Boiler-house  laborer  Was  inside  setting  cleaning  dust  out  and  was  asphyxi- 
ated from  gns  from  leaky  burner.    A. 

&  Carpenter  working  on  scaffbld  in  boiler  house  was  overcome  with  gns  and 
fell  to  floor.    A. 

9.  As  water  tender  was  throwing  coal  through  fire  door,  gas  flashed  out  of 
faraace.    D. 

10.  Boiler  cleaner  was  blowing  tubes,  when  furnace  slipped,  causing  flame 
to  blow  out,    C. 

11.  As  scaler  was  cleaning  setting  beneath  tubes,  dust  fell  onto  hand  and 
aim,  burning  them.    D. 

12.  Foreman  put  high-pressure  hose  on  flue  dust,  causing  it  to  fly  and  burn 
arms.    D. 

13.  Boiler  cleaner  stepped  into  flue  dust  Inside  boiler.    B. 

14.  Foreman  stepped  on  plate  over  ditch.    Plate  tipped  and  leg  went  into  hot 
water.    D. 

15.  Scaler  was  cleaning  tubes  when  the  blow-off  valve  was  opened,  allowing 
steam  to  burn  scaler.    D. 

16.  Fireman  had  cleaned  Are  and  pulled  ashes  from  ash  box.    In  spraying 
ashes  nozzle  came  off  hose  and  the  steam  suddenly  generated  burned  him.    D. 

17.  Fireman  was  cut  by  bursting  gage  glass.    D. 

18.  Water  tender  was  scalded  and  cut  by  bursting  water  glass  as  he  turned 
water  in  after  replacing  defective  glass.    B. 

19.  Pipe  blew  off  steam  hose,  scalding  man  standing  beneath.    C. 

20.  Water  tender  was  scalded  by  bursting  tube  while  blowing  off  dust  on 
tubes.    B. 

21.  Water  tender  fell  into  ditch  containing  scalding  water  beneath  blow-off 
tine,   a 
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22.  Water  tender,  noC  being  able  to  see  on  aocount  of  eflciplng  steam,  MX 
into  uncovered  blow-off  ditch,  laceratliig  las.    B. 

23.  LatH)rer  was  on  steam  line  between  boiler  house  and  engine  bouse,  paint- 
ing, and  fell,  breaking  hip.    B. 

24.  Ladder  slipped,  throwing  boiler  cleaner  to  the  floor.    O. 

25.  Laborer,  working  on  top  of  boiler,  made  a  mls^rtep  and  fell  to  pavenient.    B. 

26.  Millwright  fell  down  st^is  from  top  of  boiler  setting.    G. 

27.  Fireman  was  firing  boiler  while  men  outside  were  throwing  coal  onto  p\\\t 
inside  •house.    Lump  struck  leg.    G. 

28.  Man  was  struck  by  board  falling  from  roof  truss.     D. 

29.  Man  was  moving  portable  scafjfold  when  plank  fell  off  trestle  onto 
foot.    D. 

30.  Eighteen  hand-labor  accidents  of  the  same  characteristic  type  repeatedly 
presented  occurred,  causing  disabilities  only  four  of  which  were  in  excess  of  14 
•days.    Lack  of  skill  or  caution  was  a  contrlbntlDg  factor  in  each. 

The  less  serious  accidents  from  gas  were,  with  one  exception,  to 
men  outside  the  boiler  setting  and  were  due  to  gas  leaks  about  the 
clean-out  doors  or  burners.  However,  the  chief  cause  was  leaky 
burners,  these  leaks  as  a  rule  being  developed  by  the  abrasion  of 
the  iron  by  the  sharp  coke  or  ore  dust  carried  in  the  furnace  gas. 
As  soon  as  a  hole  is  worn  through  a  burner^  especially  if  the  seat 
becomes  eroded  and  gas  starts  to  escape,  the  burner  ^ould  be 
•changed  at  once,  for  claying  up  or  cementing  the  hole  is  only  a  tem- 
porary expedient  and  the  gas  will  soon  be  escaping  again.  Thus, 
not  only  is  the  boiler-house  force  exposed  to  gaseous  atmosphere 
continually,  and  is  from  time  to  time  working  in  gaseous  air  T^hile 
stopping  the  leaks,  but  the  gas  drifts  up  over  the  top  of  the  boiler 
setting,  and  about  steam  valves  where  work  is  occasionally  under- 
taken by  other  members  of  the  furnace  force.  Previous  records 
disclose  numerous  falls  from  pipes,  ladders,  aAd  boiler  tops  as  the 
result  of  partial  asphyxia.  Keeping  boiler  burners  tight  is  a  requisite 
for  the  safetv  of  the  boiler-house  force. 

Asphyxiation  of  a  man  inside  a  boiler  setting  is  always  due  to  a 
leaky  burner,  usually  of  the  boiler  in  which  the  man  is  working: 
but  sometimes  of  adjacent  boilers.  When  the  slide  burner  is  used, 
a  plate  should  be  placed  between  the  nose  of  the  burner  and  the 
burner  opening  in  the  setting.  Single*valve  burners  are  dangerous 
because  the  bell  or  the  seat  may  be  cut  by  flue  dust  sufficiently  to 
allow  dangerous  volumes  of  gas  to  drift  into  the  boiler  setting  from 
the  outside.  When  a  single  interior  sealing  valve  is  installed,  some 
provision  is  almost  imperative  for  blanking  off  the  burner  between 
the  valve  and  nose  of  the  burner.  If  the  burners  can  be  withdrawn 
from  the  setting,  a  plate  may  be  inserted. 

The  best  interior- valve  burner  is  one  having  two  valves,  between 
which  a  handhole  or  other  door  may  be  op^ed  to  the  air.  Thus 
any  gas  escaping  past  the  first  valve  may  be  diverted  into  the  house 
instead  of  going  to  the  interior  of  the  boiler  setting.    A  company 
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operating  aeTeral  furnaces  removes  the  burner  bodily  and  clamps  on 
a  blank  whenever  men  are  required  to  go  inside  either  boilers  or 
stoves.  Many  companies  require  the  burner  valve  to  be  locked  shut. 
This  practice  is  commendable,  but  does  not  eliminate  minor  leaks, 
which  are  the  major  cause  of  asphyxia  inside  settings.  Bigid  in- 
spection and  elimination  of  small  leaks  is  essential.  For  changing 
leaky  burners,  inserting  blanks  into  the  gas-main  aide  of  the  valves, 
or  other  occasional  necessary  work  in  gaseous  atmosphere,  a  half- 
hour  breathing  apparatus  is  useful  and  is  being  widely  adopted. 

Special  attention  should  be  given  to  good  illumination  in  •  the 
boilar  houses.  High- voltage  electric  lamps  are  standard,  and  in. 
the  absence  of  overhead  mains  that  interfere  with  lighting  the 
floor,  they  are  preferably  hung  so  as  to  cast  some  light  on  the  tops 
of  the  boiler  settings.  When  they  are  of  necessity  placed  lower, 
it  is  advisable  to  have  a  light  at  each  of  the  stairways  leading  to 
overhead  walks,  and  in  large  plants  two  or  more  intermediate  lights 
should  be  placed  at  the  top. 

Sufficient  men  should  be  assigned  to  boiler  cleaning  so  that  one 
can  remain  ()utside  and  give  assistance  if  the  man  inside  is  gassed. 
The  draft  regulator  or  valve  should  be  left  open  wide  enough  to  in- 
duce a  perceptible  current  of  air,  and  doors  in  the  front  of  the  set- 
ting should  be  closed  when  adjacent  burners  are  leaking,  the  work 
being  done  cm  the  side  cleaning  doors.  Men  should  be  repeatedly 
warned  about  the  danger  of  gas  about  burners,  in  side  settings,  and 
on  top  of  boilers,  as  experience  frequently  dulls  rather  than  sharpens 
any  disposition  toward  appreheiisicm  ol  serious  effect  from  gas. 
Most  cases  of  *^ gassing"  do  not  result  in  anything  more  serious 
than  a  severe  headache  for  a  few  hours,  involving  no  loss  of  time, 
and  as  a  rule  serious  gas  accidents  at  any  one  plant  occur  only  at 
long  intervals.  Thus^  the  danger  from  gas  is  not  always  apparent 
to  men  even  of  long  experience.  The  length  of  service  of  the  men 
eonoemed  in  the  accidents  outlined  above  was  1  week,  4  and  5 
monihs,  and  2,  3,  4,  5,  6, 10,  and  ^  several "  years. 

A  final  cause  of  asphyxia  is  leaking  explosion  doors  in  gas  mains 
inside  boiler  houisea  The  boiler-house  gas  main  should  be  outside 
the  house  whenever  possible.  In  1914  one  man  was  fatally  over- 
come in  attempting  to  close  a  door  blown  open  by  a  small  explosion 
m  a  gas  main  inside  the  boilcfr  house,  another  man  attempting  rescue 
was  also  overcome.  When  the  main  is  inside  the  house  and  equipped 
with  easily  lifted  explosion  doors,  there  is  an  almost  continued 
leakage  of  gas,  which  accumulates  about  the  top  of  the  boilers,  where 
the  fiteam  and  other  valves  are  usually  situated.  Such  doors  can 
safely  be  bolted  down,  and  reliance  placed  in  doors  outside  the  house. 

It  is  manifestly  not  feasible  to  place  railings  about  the  top  of 
eadi  boiler  setting:    One  of  the  falls  from  the  top  of  a  boiler  re< 
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salted  from  deliberate  foolhardiness.  The  work  resulting  in  an- 
other fall  would  in  all  probability  have  necessitated  the  removal  of 
a  railing,  if  present.  Walks  from  boiler  to  boiler  should  of  course 
be  railed,  and  it  is  important  to  have  platforms  at  individual  valves 
at  the  main  steam  header,  or  on  overhead  by-passes  to  which  acoess 
is  difficult.  The  handwheels  on  these  valves,  if  of  the  inside  screw 
type,  should  be  secured  with  lock  nuts..  Some,  few  plants. have  pro- 
vided rails  at  the  outside  edge  of  the  ^  dog  house  '^  or  fore  oven. 

Whenever  a  ladder  is  set  on  an  iron  plate,  someone  must  hold  tbe 
base-  of  the  ladder.  There  is  no  known  ladder  base  that  will  abso- 
lutely prevent  slipping  on  smooth  inm  plates.  It  is,  of  course, 
desirable  that  floor  plates,  ditch  plates,  and  manhole  covers  be  cast 
with  a  checkered  surface.  Several  plants  have  done  away  with  the 
use  of  ladders  in  blowing  boiler  tubes  by  providing  permanent  plat- 
forms at  the  tube  cleaning  doors. 

Falls  down  steps  are  largely  due  to  carelessness.  Plant  manage- 
ments  can  only  minimize  the  probability  of  these  accidents  by  care- 
ful construction  of  the  stairs.  (See  PI.  X,  ^1.)  The  following 
features  are  suggested:  Nonslip  treads,  rails  on  both  dides^treads 
not  less  than  9  inches  wide,  risers  of  such  height  that  the  sum  of 
riser  and  the  tread  is  not  more  than  17^  inches. 

Ditches  for  blow-off  lines  should  be  covered.  If  changes  in  house 
equipment  are  necessary  to  permit  covering  the  ditches  they  should 
be  made.  i 

Another  hazard,  not  disclosed  in  accidents  in  1915,  lies  in  lighting 
the  furnace  gas.  There  is  no  danger  in  this  work  provided  a  hot  fire 
is  built  on  the  grates  before  the  gas  is  turned  in.  When,  however, 
gas  from  a  newly  blown-in  furnace  is  to  be  lighted  at  the  furthermost 
boiler,  it  is  also  essential  to  place  a  very  large  amount  of  burning  oily 
waste  about  the  nose  of  the  burner.  Occasionally  this  gas  is  tardy 
in  lighting  and  fills  the  setting  before  it  ignites,  when  it  catches  fire 
with  explosive  violence.  Men  should  be  kept  away  when  new  gas  is 
being  brought  down ;  the  gas  should  be  lighted  only  under  the  supper- 
vision  of  the  furnace  superintendent  or  foreman,  and  if  ignition  does 
not  take  place  promptly  the  burner  should  be  shut  off  at  once  and 
a,dditional  time  given  for  the  main  to  fill  and  push  out  air.  Filling 
the  boiler  with  gas  is  to  be  avoided — ^the  gas  should  light  easily  and 
gently  at  the  nose  of  the  burner. 

An  explosive  burst  of  flames  from  a  boiler  in  which  the  gas  is 
ignited  and  burning  satisfactorily  is  exceptional.  It  occasionally 
happens  when  the  gas  is  of  the  "  calico  "  variety  or  "  too  hot  to  bum." 
It  also  occurs  when  the  furnace  slips.  A  whistle  or  light  is  sometimes 
installed  to  give  warning  of  impending  slips,  but,  as' a  rule,  the  blow- 
ing-room whistle  is  clearly  audible  in  the  boiler  room  and  is  taken  as 
indicative  of  a  slip.    Unfortunately  on  single  furnaces  this  whistle 


H  CONCftETE  WHICH 


T  MEN  STANDING  BETWEEN  BUILDING  AND  HOT.METAL 
CAR  TRACK;  ALSO  GUARD  RAILING  AT  CORNER  TO  PREVENT  MEN  STEPPING  OUT 
ONTO  TRACK. 
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is  also  a  signal  to  fire  coal  to  tide  the  pumps  and  power  equipment 
over  a  possible  10-minnte  shutdown.  At  other  times  when  a  furnace 
is  slipping,  it  may  be  so  '^  tight  '^  that  little  gas  comes  over  to  the 
boilers,  again  requiring  another  firing  of  coal.  Curiously,  if  a  slip 
is  of  sufficient  violence  to  introduce  a  hazard  of  burning  flames  shoot- 
ing out  over  a  fireman  there  is,  just  prior  to  the  slip,  a  momentary 
slacking  of  gas  at  the  burfaers.  To  experienced  men  this  sudden 
cessation  is  significant  and  gives  them  time  to  dodge  back  before  a 
rush  of  gas  comes.  Men  engaged  in  blowing  tubes,  however,  are 
usually  on  ladders  and  can  not  as  easily  escape  and  should,  therefore, 
get  away  from  the  doors  at  once  upon  hearing  a  check  blown. 

To  prevent  accidents  from  hot  flue  dust  in  boilers,  it  is  necessary 
to  dislodge  all  loose  dust  with  a  steam  hose  and  to  wet  it  thoroughly 
with  a  pressure  hose  before  entering  the  setting.  Men  should  not  be 
allowed  to  go  inside  with  hose  to  wet  the  clinker  but  should  do  the 
wetting  from  the  outside. 

Loose  boards,  pipes,  or  defective  and  loose  roofing  should  be  taken 
do^n  from  overhead.  Unless  a  rule  requiring  removal  of  such 
material  is  rigorously  enforced  a  surprising  amount  will  accumulate, 
being  left  after  occasional  repair  roofing  jobs.  Every  plank  on  port- 
able scaffolds  should  have  a  bolt  dropped  through  a  hole  at  the 
end  to  prevent  the  plank  from  sliding  off  the  supports. 

Many  serious  and  fatal  accidents  like  No.  15  have  occurred.  The 
only  assurance  of  safety  is  to  lock  the  blow-off  valve  when  the  boiler 
is  taken  off  for  cleaning.  In  addition  to  the  regular  boiler  blow- 
off  valve,  each  blow-off  pipe  should  have  a  straightway  or  stopcock 
next  to  the  boiler  to  prevent  back  pressure  on  the  header  from  lifting 
the  seat  of  the  blow-off  valve.  If  this  is  not  installed,  a  blank  flange 
should  be  placed  between  the  blow-off  valve  and  pipe  flanges.  To 
relieve  pressure  in  the  header,  there  should  be  a  T  in  the  blow-off 
line  for  each  battery  of  eight  boilers,  permitting  a  pipe  to  be  run  up 
through  the  roof;  or  a  similar  pipe  should  be  installed  at  the  hot 
well. 

Permanent  gage-glass  guards  are  not  much  in  favor  because  they 
obstruct  or  interrupt  a  view  from  the  boiler-house  floor.  When  there 
is  a  special  platform  or  walk  for  the  water  tender,  this  objection  has 
no  weight,  and  guards  of  wire  glass  should  be  provided.  If  no 
fixed  guards  are  provided,  gage  glasses  away  from  the  usual  or  neces- 
sary travel  should  have  a  swivel  guard  that  can  be  rotated  around 
the  glass  while  work  is  being  done  on  the  water  columns,  such  as 
inserting  new  glasses. 

A  new  gage  glass  must  be  inserted  correctly,  as  the  bursting  of  a 
gage  glass  may  be  due  more  to  improper  packing  and  the  glands  not 
•^ing  in  line  than  to  defects  in  the  glass.  Care  must  be  taken  that 
water-colunm  valves  are  in  alignment  so  that  the  glass  can  expand 
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freely.  Glands  should  be  screwed  down  tight  enough  to  set  the 
packing  and  i^ould  then  be  loosened  sli^tly  so  that  the  g^ss  can 
be  turned  with  the  fingers.  There  will  be  a  slight  leakage  of  steam 
which  soon  stops  as  the  glass  becomes  heated.  The  glass  fibould 
not  bind  the  gland.  In  turning  on  the  new  ^ass,  the  water  valve 
should  be  opened,  first  slowly,  until  the  glass  is  filled,  when  the  steam 
valve  may  be  opened.  For  closing  valves  because  of  breakage,  k 
desirable  safeguard  is  the  use  of  pendent  diains  or  rods  on  valves 
operated  by  levera 

The  number  of  accidents  such  as  19  would  be  lessened  by  the  use  of 
three-ply  wire-wrapped  steam  hose  and  of  a  strong,  tight  clamp  for 
clamping  the  hose  to  the  steam  pipe,  and  by  weekly  inspection  of  the 
equipment  by  the  boiler-house  foreman. 

BIiOWIKG  BOOK. 

L  Assistant  engineer  was  in  basement  filling  water-seal  valve  and  was  over- 
come with  leaking  gas  from  engine  Intake.  Foreman  in  rescuing  bim  was  also 
overcome.    D. 

2.  Oiler  in  basement  getting  supplies  of  oil  was  overcome  with  gas:    D. 

3.  Oiler  working  about  inlet  valvi^  of  gas  engine,  which  was  shut  do^» 
became  gas.sed  and  fell.    0. 

4.  Repair  man  was  passing  under  ^wer-house  crane  when  craneman  ran 
blocks  all  the  way  up,  breaking  cables  and  allowing  blocks  to  fall  on  man's 
back.    D. 

5.  As  mUlwrlgbt  was  potting  casting  on  "  spares  '*  pile,  craneman  iet  casting 
down  on  his  foot.    D. 

6.  Electrician  on  crane  repairing  it  neglected  to  pull  safety  switch.  Crane- 
man  moved  crane  or  trolley  and  amputated  end  of  finger.    D. 

7.  Laborer  was  dumping  bucket  and  caught  fingers  between  bail  and 
bucket    C. 

8.  Painter  glazing  windows  from  swing  scaffold  was  told  to  raise  scaffold 
to  oUow  crane  to  pass.  Through  misunderstanding  painter  lowered  It  again; 
crane  upon  return  struck  scaffold  and  threw  him  to  floor.    B. 

0.  Lineman  was  painting  conduits  when  rung  of  ladder  broke,  throwing  him 
against  switchboard,  wbere  he  received  burns  from  contact  with  live  part    D. 

10.  Oiler  in  cleaning  incandescent  globe  was  burned  by  globe  breaking.    D. 

11.  Electrician  was  cutting  socket  off  end  of  electric-Ught  wire  when  current 
short-circuited,  burning  palm.  Had  not  turned  off  current,  though  switch  was 
within  3  feet  of  work.    D. 

12.  Oiler  was  wiping  inlet- valve  mechanism  and  valve  hook  crushed  finger.    0. 

13.  Wiper  was  caught  by  rocker  arm  of  air  valve  on  top  of  air  tub.    D. 

14.  Oiler  was  struck  on  head  by  ball  governor.    0. 

15.  Oiler  was  caught  between  reach  rod  and  wrist  plate  of  valve  gear  oi> 
blowing  engine.    C. 

16.  Oiler  was  screwing  down  grease  cup  and  was  struck  by  web  of  crank 
shaft.    G. 

17.  Pump  englBeer  was  wiping  service  pump  and  scratched  hand.  Did  not 
report  and  infection  developed.    O. 

18.  Machinist,  in  carrying  sheet  iron  past  flywheel  in  blowing  room.  In  sohm 
way  caught  sheet  In  wheel,  twisting  it  aeainst  wrist    D. 
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19.  CMler  was  usins  bar  to  move  flywheel  to  get  crosshead  in  poeltioa  Bngi- 
neer  turnetl  on  Bteain  to  aniat  causing  qaick  tbrow  of  wheel  to  dins  bar 
against  oiler.    D. 

20.  Pump  engineer  caught  finger  in  link  of  valve  gear  of  pressure  pump.    D. 

21.  Engineer  caught  sleeve  on  cam  of  gas  engine  while  adjusting  igniter, 
amputating  thumb.    B. 

22.  Second  engineer  was  :  wiping  eccentric  rod  and  caught  hand  between- 
eccHitrlc  strap  and  main-bearing  cAp.    6.         • 

23.  Blowing  engineer  put  hand  on  crosshead  to  feel  whether  there  was  any 
looseness , and  caught  hand  between  crosshead  and  bottom  of  cylinder  stuffing 
box.    D. 

24.  Engineer  was  on  bed  frame  of  condenser  engine  to  fill  grease  cups  on 
eccentric,  when  foot  Blit^)ed  and  he  was  struck  by  crank*    D. 

25.  Laborer  was  waidiing  liands  under  the  drip  of  exliatist  pipe  on  auxiUary 
boiler  wash-out  pump,  when  pump  was  started.  Scalded  body,  thigh,  and 
arm.    C. 

26.  Pump  tender,  while  in  basement  with  torch,  fell  and  spilled  burning  oil 
orer  hand.    D. 

27.  Rtggw,  in  repairing  engine,  had  waste  stuffed  in  sleeve  at  wrist  to  pre- 
vent oil  numliv  UP  sleeve^  and  waste  caught  Are  from  torch.    B. 

28.  Helper  stepped  into  open  tnp  door.    D. 

29l  Pump  engineer  was  walking  on  offset  of  wall  of  cellar  and  made  misstep. 
F9ll  to  cellar  floor.    C. 

30.  As  engineer  was  wiping  rods  from  platform,  his  foot  slipped,  and  he  fell 
onto  w&ter-valve  handwheel.    0. 

31.  Oiler,  in  wiping  main  bearing  of  blowing  engine,  fell  into  flywlieel  pit    C 
82.  Craneman,  in  coming  down  ladder,  missed  footing  and  fell.    B. 

33.  Millwright  watciUng  men  drive  key  In  gas-engine  crosshead  was  struck 
when  key  broke  and  flew.    D. 

34.  Fireman  was  drawing  water  at  power-house  spigot  when  icicle  fell  from 
roof  on  him.    a 

35.  Bricklayer  on  platform  stepped  back  against  brick  pile,  causing  brick  to- 
M  on  man  beneath.    D. 

36.  Foreman  was  blocking  up  cylinder  tiead  when  blocking  flew  out,  allow- 
ing easting  to  come  down  on  foot    B. 

37.  Mkchinlst  in  putting  cylinder  head  on  pump,  caught  finger.    B. 

88.  Millwright  was  on  ladder  pulling  on  pipe  wrendL  Wrench  slipped  and 
man  fell  to  floor.    B. 

39.  Laborer,  in  wheeling  brick  over  plank  runway,  fell  into  hole  when  plank 
wabbled.    D. 

40.  Condenser  man,  in  walking  up  plank  to  engine-room  door,  stepped  on  nail 
in  board.    D. 

Gas  about  gas-ei\^ne  basements  comes  largely  from  imperfectly 
closing  gate  valves  employed  to  shut  off  the  gas  when  the  engine  is 
shut  down.  The  seats  of  the  valves  become  filled  with  a  deposit  of 
fine  fume  which  prevents  tight  closure.  In  addition  to  such  a  valve 
there  should  be  a  water  seal  valve,  between  the  gate  valve  and  the 
inlet  valve,  which  can  be  filled  immediately  upon  shutting  down.  In 
addition,  the  air  for  the  engine  mixing  valve  should  be  taken  from  the 
outside  through  a  main  up  to  the  mixing  and  inlet  valve,  exactly  as 
the  gas  is  led  in.  With  this  provision  any  gas  leaking  past  the  gas 
valve  is  led  back  to  the  atmosphere. 
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Waste-water  pipes  from  the  engine  jacket  and  piston  rod  should  be 
trapped  to  prevent  gas  backing  into  the  basement  from  sewers  carry- 
ing water  from  gas  scrubbers. 

Vibration  of  pipe  or  depreciation  of  gasketed  flanges  may  also 
allow  the  escape  of  dangerous  volumes  of  gas,  and  it  is  generally 
considered  most  advisable  to  provide  forced  ventilation  in  the  base- 
ment. The  best  practice  is^  to  force  air  from  outside  the  building 
through  the  basement  and  along  the  base  of  the  engines,  thence  up 
about  the  bed  plates  into  the  engine  room,  and  out  through  the  roof 
ventilators.  One  engine  room  housing  four  gas  engines  uses  for  this 
purpose  a  42,000  cubic  foot  displacement  fan,  which  is  calculated  to 
renew  the  air  in  the  basement  completely  every  two  minutes. 

Every  gas-engine-house  crew  should  have  instruction  in  the 
Schaefer  method  of  resuscitation  from  gas  and  electric  shock.  Not 
less  than  two  men  should  go  into  the  basement. 

A  direct  current  of  220  to  250  volts  is  commonly  used  in  mills  for 
lighting  and  driving  auxiliary  motors.  However,  at  steel-mill  fur- 
naces, an  alternating  current  of  6,600  volts  is  common.  This  is  .trans- 
formed at  one  or  more  substations  to  low-voltage  direct  current.  The 
<;nly  fumacemen  exposed  to  the  high  current  are  switchboard  a^ 
tendants  and  repair  men  in  the  engine  and  power  room.  Linemen  are 
sometimes  under  the  necessity  of  working  near  such  a  high-voltage 
line  when  it  is  carried  on  poles  that  also  carry  low-voltage  or  tele- 
phone lines.  Men  should  never  work  on  lines  carrying  more  than  440 
volts  unless  the  circuit  is  open.  They  should  be  sure  that  the  circuit 
is  open  at  each  point  from  which  the  line  is  supplied  with  power 
and  all  three  wires  of  a  transmission  line  should  be  grounded  and 
short-circuited  on  each  side  of  a  point  where  work  is  to  be  done. 
The  handling  of  high-voltage  equipment  is  a  specialized  field  and 
none  but  experienced  men  under  the  direction  and  approval  of  the  line 
foreman,  or  chief  electrician  or  assistant,  should  do  any  work  about 
such  equipment.  High- voltage  wires  should  preferably  be  placed  in 
undergroimd  tunnels  or  conduits,  where  there  is  no  possibility  of 
their  becoming  crossed  with  low-voltage  wires. 

Work  on  low-voltage  systems  is  not  dangerous  if  precautions  are 
taken.  When  possible  the  current  should  be  turned  off.  It  is  im- 
portant to  realize  the  difficulty  of  insulating  the  body  so  that  a 
circuit  can  not  be  completed  through  it.  There  is  no  perfect  in- 
sulator, though  for  250-volt  current  a  number  of  materials  may  be 
so  considered.  Floors  at  switchboards  are  usually  provided  with 
rubber  mats,  but  for  other  places  a  dry  board,  free  from  nails,  may 
be  used.  Rubber  or  leather  gloves  without  metallic  fastenings  give 
protection  from  shock.  Thin  or  cracked  gloves,  or  leather  gloves 
damp  with  water  or  perspiration,  give  no  protection.  The  use  of 
rubber  tape  on  pliers,  screw  drivers,  or  wrenches  is  helpful.    The 
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tape  should  cover  all  the  metal  except  that  part  essential  for  work, 
because  there  is  always  a  chance  of  the  tool  slipping  or  of  the  fingers 
touching  an  unwound  part.  When  a  workman  has  merely  to  make 
an  adjustment  he  should,  if  possible,  use  onlj  one  hand. 

None  but  experienced  men  should  work  on  lamp  circuits,  and  it 
is  to  be  noted  that  standing  on  insulating  material  will  not  prevent 
shock  or  bums  from  short-circuited  lamp  sockets,  exploding  bulbs,  or 
arcs  between  charged  wires  when  the  insulation  has  worn  off  or  the 
cord  is  cut.  A  workman  changing  or  cleaning  incandescent  globes 
should  wear  gloves,  and  should  turn  his  face  away  from  the  globes. 
Drop  lights  should  not  be  used  for  extension  lights,  but  a  standard^ 
weather-proof  socket,  attached  to  packing-house  cord,  should  be 
used. 

Safeguards  would  have  prevented  most  of  the  falls.  For  instance, 
a  trapdoor  or  a  manhole  cover  can  often  be  constructed  so  that  three 
sides  of  the  hole  will  be  guarded  when  the  door  or  the  cover  is  up. 
Otherwise  a  portable  guardrail  may  be  placed  about  the  hole. 
Railed  platforms  can  be  provided  along  places  where  it  is  necessary 
for  men  to  walk  to  attend  to  equipment.  Falls  from  platforms, 
cylinder  heads  or  bearings  can  be  prevented  by  railings,  toe  boards, 
or  steps  with  standard  safety  treads.  Ladders  to  cranes  may  be 
provided  with  cages. 

kn  occasional  cause  of  injury  is  falls  on  oily  platforms  or  stepa 
It  is,  of  course,  most  difficult  to  keep  some  places  clear  of  oil,  and  the 
most  that  can  be  done  is  to  provide  checkered  plates  and  safety 
treads  on  the  steps  and  to  prevent  excessive  oiliness. 

Four  injuries  were  caused  by  the  presence  of  men  working  over- 
head. In  construction  men  must  often  be  working  above  other  men, 
but  in  regular  operating  this  hazard  can  usually  be  avoided.  If  men 
must  work  above  other  men,  the  scaffolds,  platforms,  or  places  of 
work  should  be  adequately  provided  with  high  toe  boards.  If  these 
are  impracticable,  effort  should  be  made  to  shift  to  some  other  place 
the  men  above  or  the  men  beneath  for  the  time  being. 

Alen  should  be  warned  of  the  danger  of  flying  fragments  from 
nrets,  spalls,  or  breaking  keys  when  other  men  are  sledging  or 
cutting  on  steel  or  iron  equipment. 

Some  one  man  should  be  given  the  duty  of  knocking  down  icicles. 
Buildings  like  offices,  engine  rooms,  and  shops  can  be  equipped  with 
steam  exhaust  pipes  under  the  eaves  which  will  prevent  the  for- 
mation of  dangerously  long  icicles. 

The  waste  of  time  in  accidents  is  large.  If  to  the  time  lost  by  each 
injured  man  were  added  the  time  of  men  diverted  from  their  work 
to  assist  injured  men  to  the  hospital  and  the  time  consumed  in  their 
return  and  in  their  talk  about  the  accident,  the  total  loss  of  time  from 
^Jfieful  work  would  be  almost  unbelievable.    The  experience  of  large 
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companies  indicates  that  injuries  from  hand  labor  and  hand  tools 
are  decreased  with  the  greatest  difficulty,  although  generally  the  real 
reason  for  the  persistence  of  such  accidents  seems  to  be  that  little 
systematic  training  is  given  in  the  moving  of  materials,  the  handling 
of  heavy  weights,  in  piling  and  loading  materials,  or  in  using  simple 
hand  tools,  as  the  newest  men  are  generally  put  to  work  at  this  rough 
or  so-called  unskilled  labor.  To  the  man  in  the  labor  gang  there  is 
presented  nearly  every  week  a  job  to  which  he  is  new;  Perhaps  no 
two  men  in  the  gang  do  the  work  alike.  Often  before  he  has  learned 
the  best  way  to  do  one  kind  of  work  he  may  be  shifted  to  other  work 
or  may  be  hurt.  To  assign  a  man  a  job  of  wheeling  bricks  with  a 
caution  to  be  careful  but  without  instruction  in  loading  and  piling 
is  somewhat  like  giving  him  a  fuse,  detonator,  and  stick  of  dynamite 
to  set  off,  and  cautioning  him  to  be  careful  but  giving  him  no  definite 
instructions.  That  skilled  laborers  performing  work  rated  as  un- 
skilled sometimes  get  hurt  only  substantiates  the  significance  of  the 
usual  desultory  manner  of  doing  the  work. 

Many  of  accidents  Nos.  11  to  22  could  have  been  prevented  by  suit- 
able guards  about  the  governor,  air  valve,  or  cam,  such  guards  being 
standard  equipment.  All  the  men  injured  were  English-speaking, 
11  being  Americans  with  experience  of  2  days,  "few''  days,  1 
month,  2  years  (2),  3  years,  5  years  (2),  7|  years,  and  more  than  10 
years  (8). 

Rules  have  been  made  prohibiting  the  wiping  of  engine  parts  while 
the  engines  are  in  motion,  but  such  rules  do  not  apply  to  engines  in  a 
blowing  room  because  the  blowing  engines,  pumps,  and  auxiliaries 
must  be  kept  in  operation.  Although  such  engines  are  operated  at 
slow  speed,  rarely  making  over  40  revolutions  per  minute,  this  rela- 
tive slowness  is  often  deceptive.  Too  much  stress  can  not  be  laid  on 
the  importance  of  carefully  instructing  new  men  as  to  inherent  dan- 
gers, and  of  bringing  typical  injuries  to  the  attention  of  the  blowing- 
room  force  so  that  continual  work  about  this  equipment  will  not 
cause  them  to  become  careless. 

The  provision  of  ample  light  is  practicable  in  blowing  rooms,  if 
anywhere.  Extension  lights  for  use  when  additional  light  is  re- 
quired should  be  provided.  The  use  of  the  common  hand  torch 
^ould  be  cut  down  as  much  as  possible. 

SHOPS. 

1.  Laborer  placed  chain  about  bell  rod  and  signaled  crane  to  hoist  Kept 
hand  inside  sling  and  got  thumb  crushed.    B. 

2.  Machine  man  was  screwing  incandescent  globe  into  socket  when  it  broke, 
cutting  and  burning  hand.    D. 

3.  Machinist's  apprentice  burned  fingers  in  pulling  plug  from  socket    D. 

4.  Ropalr  man  put  up  temporary  scaffold  to  repair  belt  Scaffold  collapsed 
and  man  fractured  skull.    B. 
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5.  Millwright  was  pouring  babbitt  when  explosion  occurred.    Face  burned.    B. 

6.  Crane  runner  was  pouring  babbitt  into  cable  socket  when  babbitt  exploded. 
Burned  face  and  neck.    D. 

7.  Machinist  was  hit  by  wheel  from  overhead  crane.    D. 

8.  Machinist's  helper's  toes  were  crushed  by  valve  yoke,  which  was  knocked 
olf  bench  by  fellow  workman.    C. 

9.  As  machinist's  apprentice  was  holding  iron  bar  for  blacksmith  to  cu£  It,  a 
piece  fell  on  his  foot.    D. 

10.  As  blacksmith  was  bending  steel  under  steam  hammer,  a  piece  flew  into 
his  eye.    C. 

11.  Molder,  breaking  up  tuyeres,  was  burned  by  piece  flying  inside  of  buttoned 
shoe  that  did  not  fit  the  ankle.    D. 

12.  As  machinist  was  chipping  casting,  a  chip  broke  his  goggles,  cutting 
eyelid.    D. 

13.  Carpenter  foreman  was  tiurning  wood  on  lathe  when  wood  flew  out  and 
struck  face.     D. 

14.  Machinist  was  turning  casting  in  lathe ;  sleeve  of  jacket  caught  in  lathe 
dog  and  bruised  arm.    C. 

15.  Machinist's  helper  was  shifting  belt  by  hand  and  slipped,  striking  face 
against  belt    D. 

16.  Machinist's  helper  caught  arm  between  pulley  and  belt  in  shifting  belt    G. 

17.  Machinist  was  putting  dressing  on  belt  when  hand  was  caught  and  pulled 
between  belt  and  motor  pulley.    C. 

18.  Machinist  was  grinding  tool,  which  was  Jerked,  causing  finger  to  catch 
between  tool  rest  and  wheel.    C. 

19.  As  blacksmith's  helper  was  grinding  burrs  from  bar,  his  thumb  was 
jerked  against  emery  wheel.    C. 

20.  Molder  had  splinter  in  finger  and  had  fellow  workman  remove  It.  Finger 
became  infected,  and  he  had  his  own  doctor  treat  it.  Finally,  after  four  months, 
he  reported  to  works  hospital,  when  finger  had  to  be  amputated. 

21.  Helper  was  moving  casting.  It  struck  and  crushed  lighted  torch,  and 
flames  burned  arm  and  face.    D. 

22.  Accidents  from  hand  labor  and  hand  tools  occur  in  the  shop  as  elsewhere, 
typical  causes  being  falling  ladders,  foot  caught  falling  or  dropped  material, 
and  misuse  of  tools. 

When  meiv  are  handling  bulbs  or  working  on  electrical  equipment 
about  furnaces,  the  wearing  of  gloves  will  prevent  many  injuries 
from  electricity. 

Common  sense  in  the  use  of  switches  would  have  prevented  acci- 
dent 3. 

Forms  into  which  Babbitt  metal  or  lead  is  to  be  poured  should  be 
entirely  free  from  moisture.  They  should,  in  addition,  be  heated  so 
that  they  are  perceptibly  warm  to  the  touch.  Cold  iron  or  steel, 
though  seemingly  dry,  has  sometimes  caused  explosion.  Warming 
can  be  done  with  a  slight  fire  of  kindling,  with  glowing  coals  or  coke, 
or  with  burning  gas.  If  a  form  has  been  prepared  and  then  left 
standing  before  the  metal  is  poured  careful  examination  should  be 
made  to  see  that  the  form  is  dry.  A  mask  of  fine-mesh  wire  is  an 
effective  protection  for  a  man  pouring  babbitt.  This  is  similar  to  a 
welder's  mask  and  covers  the  entire  face.  Goggles  cover  the  eyes  but 
do  not  protect  the  face. 


94         HAZARDS  AT  BLAST  FURNACES  AND  ACCIDENT  PREVENTION. 

Overhanging  gears,  or  split  gears,  with  the  exception  of  armature 
pinions,  should  not  be  used  on  cranes.  If  the  use  of  such  a  gear  can 
not  be  avoided,  the  shaft  should  extend  beyond  the  hub  of  the  gear 
for  a  distance  equal  approximately  to  the  diameter  of  the  shaft,  and 
the  key  should  be  locked  in  place  to  prevent  the  gear  from  working 
off  the  end  of  the  shaft.  V 

Goggles  used  in  chipping  or  in  work  about  steam  hammers,  etc., 
should  be  selected  with  especial  care.  The  lenses  should  be  the 
strongest  obtainable,  and  should  be  set  in  deep-grooved  rims  so  that 
they  can  not  be  driven  through.  One  accident  of  the  type  of  accident 
12  will  bring  goggles  into  disrepute,  when  the  many  cases  in  which 
injury  is  prevented  will  get  little  if  any  publicity. 

Many  injuries  to  the  toes  can  be  avoided  by  furnishing  shoes  at 
cost  through  the  storeroom.  Certain  manufacturers  are  specializ- 
ing in  especially  stout  shoes  with  rigid  box  toes.  These  protect  the 
wearer's  toes  from  injury  from  falling  planks,  bars,  moderately  hea\7 
plates,  or  small  castings  which  ordinarily  cause  painful  injuries. 

In  regard  to  emery  wheels,  clearly  it  is  not  the  much-discussed 
bursting  wheel  that  causes  accidents,  but  wheels  that  have  been 
unevenly  ground  down,  are  out  of  true,  or  have  poorly  adjusted  tool 
rests.  These  wheels  should,  of  course,  have  tapered  sides  and  large 
heavy  safety  collars,  and  should  be  provided  with  hoods.  Such 
wheels  offer  little  danger  from  bursting ;  the  hazard  comes  from  un- 
skillful use. 

Specialists  have  suggested  many  safeguards  for  machine  shops, 
such  as  the  use  of  safety  set  screws,  safety  collars,  belt  guards,  special 
devices  for  wood  machine  tools,  emergency  stops,  and  provision  for 
oiling  line  shafting,  with  which  furnace  managers,  foremen,  and 
machinists  are  now  largely  familiar.  Bringing  of  this  equipment 
up  to  present  accepted  safety  standards  is  an  easy  way  of  reducing 
accident-insurance  costs.  Automatic  belt  shifters,  safety  dogs,  and 
guarded  gears  and  transmissions  would  have  prevented  many  of  the 
accidents  mentioned,  though  it  is  to  be  noted  that  even  with  machine 
tools,  which  can  be  most  fully  guarded  of  any  equipment  about  fur- 
nace plants,  accidents  due  to  inattention  persist 


1.  As  rigger  was  pulUog  board  up  on  scaffold,  hitch  slipped  and  rigger  lost 
balance  and  fell.    B. 

2.  Rigger,  in  attempting  to  fasten  snatch  block  on  jack  pole  wbUe  It  was  being 
hoisted,  caught  finger.    C. 

3.  Man  was  guiding  rope  on  nlggerhead  of  hoist.  Rope  slipped,  and  as  man 
was  getting  turn  on  safety  cleat,  Une  got  away  and  became  tangled,  and  man  was 
drawn  into  nlggerhead.    B. 

4.  Laborer  held  rope  too  long  and  had  hand  cut  on  nlggerhead.    D. 
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5l  Laborer  had  hand  on  casting  being  hoisted,  when  sling  slipped,  catching 
hand.    D. 

6.  Ball  of  bucket  fell  on  ashman's  finger.    O. 

7.  While  machinist  was  making  adjustments  to  hoist  engin?,  engineer  allowed 
engine  to  run  to  lower  bucket.    Machinist's  finger  and  thumb  cut  off.    B. 

8.  Laborer  was  running  electric-burning  machine  and  eyes  became  in- 
flamed.   D. 

9.  Trespasser  (boy)  climbed  pole  to  6,600-volt  line  and  was  electrocuted.    A. 

10.  To  escape  a  shower  of  coke  when  furnace  slipped,  laborer  ran  to  shelter 
and  cut  forehead  on  overhead  obstruction.    D. 

11.  As  second  helper  was  walking  to  cast  house  he  was  hit  on  head  by  coke 
from  furnace  slip.    D. 

12.  Laborer  was  hit  on  head  by  material  from  furnace  slip.    D. 

13.  Blower  was  standing  outside  cast  house  watching  furnace  when  it  sud- 
denly slipped.    Limestone  lump  struck  him  on  head.    B. 

14.  Six  men  were  caught  in  a  shower  of  material  from  a  furnace  slip,  receiv- 
ing bruises  and  burns.    Four  D  and  two  O  disabilities. 

15.  Sweeper  was  attempting  to  recover  shovel  from  fellow  workman  and  was 
knocked  down  In  the  scuffle.    D. 

16.  Laborer  slipped  on  piece  of  coal  and  turned  ankle.    D. 

17.  Laborer  stumbled  over  brick  and  bruised  shoulder.    D. 

18.  Carpenter  fell  overboard,  striking  elbow.    D. 

19.  Ab  lak)orer  was  wheeling  brick  over  depression  on  plank,  plank  turned  and 
be  fell  4  feet.    Bruised  shoulder.    D. 

20.  Laborer  fell  off  plank  in  walking  over  ditch.    Bruised  hip  and  foot    O. 
2L  As  pipe  fitter  was  walking  down  plank  to  yard  feet  slipped.     Sprained 

foot    D. 

22.  Laborer  fell  down  steps  at  entrance.    Sprained  ankle.    D. 

23.  Electric  inspector,  coming  down  from  platform,  slipped  and  fell  12  feet  to 
yard.    Sprained  ankle.    O. 

24.  Locomotive  engineer  was  hit  by  corrugated  iron  falling  from  roof.  Con- 
tused back.    D. 

25.  As  laborer  was  sliding  brick  down  chute  one  fell  out  and  hit  him  on 
arm.    a 

20.  Laborer  was  unloading  brick  from  barrow  when  brick  fell  from  platform 
overhead.    Cut  forehead.    D. 

27.  Brick  worked  loose  from  top  of  wall  and  hit  rigger  on  head.    Cut    C. 

28w  Laborer  was  digging  ditch  with  pick  when  slag  flew  up,  striking  knuckle. 
D. 

29.  Shoveling  ashes,  sprained  side.    D. 

30.  Lifting  concrete  slab,  sprained  back.    D. 

31.  Stepped  in  hole,  sprained  leg.    D. 

32.  Stepped  on  coke,  sprained  ankle.    D. 

33.  Lifting  bag  of  cement,  strained  back.    D. 

34.  Stepped  on  nail,  punctured  foot.    D. 

35.  Carrying  board,  lacerated  hand.    D. 

36^  Dropped  timber,  great  toe  bruised.    D. 
37.  Caught  under  shaft,  fingers  cut.    D. 
3S.  Dropped  casting,  bruised  toe.    D. 

39.  Rolling  timber,  contusion  of  toe.    D. 

40.  Throwing  plate  on  pile,  toe  contused.    D. 

41.  Putting  plate  on  ditch,  toe  fractured.    D. 

42.  fiail  f ^  off  truck,  instep  crushed,    a 
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43.  Timber  slipped  from  hand,  toe  crushed.    B. 

44.  Angle  iron  dropped,  fractured  both  great  toes.    B. 

45.  I'icking  down  clay,  cave-in.    Bruised  chest,  back,  and  hip.    D. 

46.  Catching  brick  at  bottom  of  chute.  Compound  fracture  of  middle 
finger.    B. 

47.  Handle  caught  on  side  of  doorway.    Sprained  wrist.    D. 

48.  Barrow  upset  and  fell  from  runway  with  man.    Head  cut    G. 

49.  Barrow  upset.    Index  finger  crushed.    C. 

50.  Foot  slipped,  cauaiDg  fail  and  upset  of  tmrrow.  Fractured  tiones  in  two 
fingers.    C. 

51.  Holding  barrow  on  wagon,  was  thrown  onto  ground.    Leg  bruised.    C. 

52.  Crowbar  slipped  from  shoulder.    Bruised  Instep.    D. 

53.  Holding  bar  to  cut  concrete,  dropped  it  on  toes.    Contusions.     D. 

54.  Moving  girder  with  bar  and  let  bar  fall  on  foot  Loss  of  nail  on  great 
toe.    D. 

55.  Moving  hoist  engine  with  Jack,  Jack  slipped  and  handle  cut  forehead.    D. 

56.  Cutting  handleather,  knife  slipped.    Laceration  of  Inside  of  thigh.    D. 
•  57.  Hit  with  sledge  while  holding  bar.    Contused  instep.    O. 

58.  Cutting  peg  with  hatchet  and  cut  fingers.    B. 

59.  Steam  from  leaky  throttle  condensed  in  exhaust  pipe  of  hoist  engine  and 
blew  out  as  man  stepped  past.    Scalded  right  arm.    D. 

60.  Six  men  stepped  into  holes  filled  with  hot  water.    Two  D,  three  C,  one  B. 

61.  Two  disabilities  from  heat  prostration.    Both  D. 

62.  Pulling  weeds.    Rash  on  entire  body.    D. 

63.  Two  cases  of  infected  blister  on  palm  from  use  of  tools.    Both  D. 

64.  Wrenched  ankle;  did  not  report  injury  but  rubbed  liniment  on  it  raising 
a  blister  which  became  infected ;  foot  and  leg  swollen.  Reported  after  9 
days.    D. 

65.  Small  cut  on  little  finger.  Injured  did  not  report  injury  but  treated  cnt 
with  carbolic  acid.    Infection  and  gangrene  of  little  finger.    B. 

The  yard  injuries  caused  by  "  Playing,"  "  Falls,"  "  Falling  and  fly- 
ing objects,"  "Hand  labor.''  "Hand  tools,"  and  "Infection,"  have 
been  reviewed  as  briefly  as  poi>sible.  These  injuries  are  typical  of 
accidents  in  which  the  personal  factor  plays  a  predominating  part. 
Some  unpreventable  accidents  are  a  hazard  of  the  work,  and  are  to 
be  expected.  However,  injuries  caused  by  protruding  nails,  steam 
and  hot  water,  infection,  falling  objects,  and  falls  caused  by  d&ris 
in  the  yard  are  preventable,  as  has  been  demonstrated  by  many  com- 
panies. These  causes  of  injury  are  particularly  amenable  to  correc- 
tion by  safet](  committees,  as  contrasted  with  accidents  in  connection 
with  rigging,  blasting,  running  hot  metal  and  cinder,  or  work  with 
electricity,  which  must  be  prevented  largely  by  the  foreman  in 
charge. 

Aside  from  covering  with  guards  the  cranks  and  connecting  rods 
of  hoisting  engines,  placing  guards  about  any  gears,  placing  the  ex- 
haust where  no  one  can  be  scalded,  and  bringing  power  cables,  or 
steam  or  air  pipe  overhead  to  the  temporary  locations,  not  much 
can  be  done  in  the  way  of  safeguarding  winches  and  hoist  engines. 
The  safety  cleat  used  in  connection  with  niggerheads  is  a  uadul  de^ 
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vice,  as  it  enables  the  man  to  take  a  turn  of  the  rope  and  keep  control 
of  heavy  material  being  raised  or  lowered,  when  not  enough  turns 
have  been  taken  about  the  niggerhead.  In  the  main,  however,  acci- 
dents with  this  apparatus  result  from  haste,  carelessness,  or  unskill- 
fulness.  The  work  requires  experience  to  develop  skill  and  few  not 
conversant  with  it  are  competent  to  suggest  safe  methods.  Rigger 
foremen  are  best  fitted  to  supervise  such  work,  to  eliminate  dangerous 
methods  of  work,  and  to  devise  safe  methods.  Such  f (  remen  should 
realize  the  peculiarly  responsible  position  they  occupy  in  this  regard, 
and,  welcoming  any  suggestions  from  safety  inspectors  or  committees, 
should  take  it  upon  themselves  to  correct  dangerous  practices. 

The  danger  of  using  an  electric  burner  has  been  so  repeatedly 
pointed  out  by  every  furnace  man  that  there  is  little  reason  for  those 
concerned  not  knowing  the  chances  of  injury.  In  accident  8,  the 
injured  man,  a  non-English-speaking  foreigner,  took  it  upon  him- 
self to  try  the  burner  during  the  noon  hour. 

If  a  high-voltage  line  is  carried  outside  of  the  plant,  it  is  well  to 
provide  beneath  the  line  a  platform,  access  to  which  is  through  a 
locked  trapdoor.  A  similar  protection  may  well  be  provided  inside 
a  plant. 

There  are  several  types  of  safety  switches  that  will  prevent  acci- 
dent. 

Modem  furnaces  are  nearly  all  equipped  with  bleeder  valves  which 
either  totally  prevent  any  material  from  being  thrown  out,  or  permit 
only  the  gas  and  fine  dust  to  escape,  thus  partly  relieving  the  pres- 
sure generated  at  a  slip.  Many  furnaces  constructed  prior  to  1902, 
and  some  built  since,  still  have  two  to  six  easily  opening  explosion 
doors  which  permit  red-hot  coke,  limestone,  and  ore  lumps  to  be 
thrown  hundreds  of  yards  when  a  heavy  slip  takes  place.  Furnaces 
thus  equipped  should  have  signals  provided  by  which  men  may  be 
warned  of  an  impending  slip.  When  an  explosion  door  faces  a  path- 
way, road,  or  plant  entrance  in  nearly  constant  use,  it  is  sometimes 
feasible  to  fasten  the  explosion  door  shut  with  a  safety  bolt  of  such 
size  that  the  door  will  open  only  on  excessively  violent  explosive  slips, 
where  relief  is  required  to  avoid  blowing  off  the  top  or  splitting  the 
shell.  Some  plants  provide  shields  in  front  of  explosion  doors  facing 
frequently  traveled  parts  of  the  yard,  or  fronting  on  trestles  where 
the  men  may  be  caught  inside  cars  if  a  sudden  slip  occurs. 

TBACKS. 

1.  BaU  of  sand  bucket  fell  on  laborer's  back.    D. 

2.  As  bucket  was  lowered  into  car,  it  bumped  end  door,  causing  it  to  fall  on 
laborer's  foot.    D. 

3.  Foreman  in  stepping  from  car  to  crane,  had  foot  on  drawhead  Just  as 
^ne  badted.    Crusbed  foot    D. 
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4.  Laborer  In  holding  crane  hook  under  car  coupling  had  finger  pinched  when 
hook  was  pulled.    0. 

5.  Laborer  had  hand  pulled  Into  sheave-hook  block.    C. 

6b  Laborer  was  caught  between  crane  bucket  and  side  of  car.    G. 

7.  Crane  fireman  had  foot  caught  between  boiler  bed  and  truck  frame  of  lo- 
comotive crane.  Was  getting  on  Just  as  the  crane  swung  around.  Foot 
crushed.    B. 

8.  Ladle  helper  tripped  on  rail.    D. 

9.  Cinder  snapper  caught  heel  In  guard  rail.    O. 

10.  Dust-catcher  man  stepped  on  rail  and  slipped.    O. 

11.  Laborer  was  on  top  of  coke  car  getting  fuel,  when  engine  bumped  car, 
throwing  man  to  ground.    C. 

12.  Laborer  standing  on  top  sill  of  car  tossing  brick  fell.    O. 

13.  Laborer  stumbled  over  piece  of  coke.    D. 

14.  Laborer  slipped  ofT  ley  plank.    D. 

16.  Laborer,  pushing  loaded  track  truck,  slipped  on  loose  coke  and  fell.    G. 

16.  Ladder  broke,  allowing  rigger  to  fall  from  cast-house  wall  to  track.    D. 

17.  Scaffold  broke,  allowing  laborer  to  fall  Into  empty  car,  crushing  chest    A 

18.  Brakeman  was  struck  by  pig  iron  falling  from  end  of  car.    D. 

19.  Laborer  was  struck  by  cinder  falling  from  passing  ladle.    D. 

20.  Laborer  was  struck  on  foot  by  limestone  rolling  down  from  stock  pile 
while  being  loaded  with  crane.    D. 

21.  Laborer  unloading  lumber  had  plank  fall  on  foot    B. 

22.  Trackman  was  straightening  spike  on  call,  when  spike  glanced.    D. 

23.  Laborer  was  removing  ladder  from  scaffold,  when  hatchet  left  on  scaffold 
fell  on  foot.    0. 

24.  As  laborer  was  unloading  ties,  helper  allowed  his  end  to  fall.  Tie  struck 
laborer  on  thigh.    D. 

25.  As  handy  man  was  unloading  pipe  from  car,  a  pipe  fell  on  his  shool- 
der.    B. 

26.  Laborer  was  using  pinch  bar  to  move  car  when  bar  slipped,  causing  him 
to  fall.    D. 

27.  Laborer  was  opening  drop  door  on  car  of  slag.  Door  flew  open  suddenly, 
causing  car  wrench  to  fly  about  and  knock  hand  against  car  frame.    C. 

28.  Laborer  was  pulling  spike  from  track,  when  spike  puller  slii^ied  and  be 
fell.    D. 

29.  Track  laborer  hit  foot  with  sledge.    C. 

30.  Laborer  hit  fingers  with  hammer.    D. 

31.  Three  laborers  were  burned  by  fine  dust  in  shoveling  it  or  unloading  it 
All  D. 

82.  Laborer  was  burned  by  cinder  splashing  from  passing  ladle.    O. 

33.  Track  laborer  stepped  on  crusted  cinder  from  cracked  ladle  and  broke 
through.    G. 

34.  Ciqder  snapper  ran  water  on  hot  cinder  that  was  escaping  from  defective 
ladle ;  water  struck  iron  and  exploded,  burning  face.    6. 

35.  As  laborer  was  standing  near  ladle  at  cast,  iron  splashed  on  body.    D. 
86.  Brakeman  was  uncoupling  ladles  at  hot-metal  scales  and  was  at  the 

coupling  bar,  when  hot  metal  splashed  over  side  of  ladle.    0. 

Familiar  dangerous  practices  of  working  about  buckets  without 
lowering  or  securing  the  bail,  of  standing  near  end  doors,  of  hook- 
ing on,  and  of  grasping  cables  near  the  sleeve  block  are  repeated.  To 
prevent  accidents  like  No.  7,  a  clearance  of  18  inches  should  be  pro- 
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yided  between  the  frames.  In  1914  two  men  were  killed  by  the 
overturning  of  locomotive  cranes  at  plants  where  outriggers  and  rail 
clamps  were  provided  but  not  used.  Some  cranes  are  provided  with 
electric  indicators  to  warn  cranemen  when  the  crane  tips  to  such  an 
angle  that  further  loading  will  result  in  overturning.  Injuries 
caused  by  men  being  caught  between  buckets,  magnets,  etc.,  and  side 
obstructions  while  attempting  to  steady  hoisting  units  before  they 
are  let  down  can  be  avoided  by  providing  hooks  by  which  the  men, 
working  from  a  safe  distance,  can  steady  or  stop  the  swing  of  equip- 
ment. 

Stepping  on  rails  in  crossing  tracks  was  responsible  for  five  other 
minor  injuries;  tripping  on  rails  caused  one  other  injury.  Coke 
along  the  tracks,  insecure  ladders,  and  working  without  scaffolding 
are  causes  that  may  be  eliminated  in  great  part. 

When  pig  iron  is  loaded,  all  stray  pigs  should  be  removed  from  tJ\e 
end  frames  and  sides.  Ladle-house  and  cast-house  men  should  re- 
move all  large  accumulation?  of  scrap  from  the  noses  of  ladles,  and 
avoid  overloading  cinder  ladles  with  loose  cinder-runner  skulls,  and 
should  not  throw  them  in  so  that  ends  project  over  the  sides.  Men 
should  be  warned  to  keep  away  from  cars  being  loaded  or  coupled 
or  in  transit  about  the  yards. 

The  danger  of  handling  flue  dust  and  the  precautions  to  be  ob- 
served have  been  previously  mentioned.  Ladles  of  cinder  and  metal 
should  not  be  filled  higher  than  9  inches  from  the  top,  and  yardmen 
should  be  instructed  to  keep  away  from  ladles  in  transit.  Brake- 
men  can  lessen  the  hazards  of  splashes  by  adjusting  couplings  of 
ladles  and  engines  or  cars  before  the  coupling  is  made.  The  practice 
of  standing  close  to  the  sills  or  frames  of  road  cars  to  observe  whether 
automatic  couplers  engage  is  unsafe  when  loaded  cinder  or  iron  ladles 
are  being  coupled.  When  such  ladles  are  being  spotted  at  scales, 
at  mixers,  or  pig-casting  machines  't  is  usually  necessary  for  the 
brakeman  to  stand  holding  the  coupimg  lever  while  the  ladles  are 
uncoupled;  consequently  the  engineer  should  use  special  care  not  to 
pull  away  or  to  stop  abruptly. 

Leaks  in  cinder  ladles  are  nearly  always  due  to  cracks,  or  to  iron 
settling  in  the  bottom  and  eating  through  the  iron  or  steel  thimble. 
In  attempting  to  chill  leaky  cinder  ladles  with  a  hose,  the  workman 
should  remember  that  iron  may  be  present,  and  should  keep  at  a  safe 
distance.  When  it  is  necessary  to  venture  over  cinder  in  the  yard, 
it  is  safest  to  test  the  surface  with  a  bar  or  to  throw  a  plank  or  piece 
of  corrugated  iron  on  the  crust  to  avoid  breaking  through. 

Cracking  is  the  most  prolific  cause  of  leaks  and  of  stickers  in  cast- 
iron  thimbles.  Cast-steel  thimbles  are  stated  to  be  relatively  immune 
from  cracks. 
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1.  Laborer  was  helping  haul  coke  dust  on  railroad  truck  and  In  walking 
alongside  truck  he  hurt  foot  on  rail.    Bruise.    D. 

2.  Laborer  was  pushing  hand  truck  with  casting  on  it  and  wheel  ran  over 
foot.    Crushed  great  toe.    D. 

Foot  injuries  can  be  prevented  by  guards  running  along  the  side 
of  the  wheels  close  to  the  track.  This  equipment  is  standard.  When 
heavy  material  is  being  unloaded  from  trucks  on  tracks  the  wheels 
should  be  blocked  because  the  men  have  to  place  or  brace  their  feet 
close  to  the  rail,  and  are  not  unlikely  to  put  their  foot  on  the  rail. 

3.  Laborer  was  pushing  truck  loaded  with  sand  bucket;  bail  fell,  crushing 
middle  and  third  fingers.    C. 

Bails  of  buckets  should  either  be  put  down,  provided  with  a  safety 
catch,  or  blocked  in  position. 

4.  Trackman  missed  hold  and  fell  in  trying  to  get  on  moving  looomotlve. 
Foot  bruised.    D. 

5.  Trackman  was  closing  hopper  door,  when  chain  broke,  causing  man  to 
fall  on  knee.    D. 

6.  Laborer  was  tightening  brake  wheel  and  caught  finger.  Laceration  of 
thumb.    D. 

7.  As  machinist  attempted  to'  Jump  from  moving  locomotive  crane,  foot 
caught,  throwing  him  and  straining  his  leg.    D. 

8.  Conductor  was  poling  car  when  pole  broke  and  knocked  hand  against 
frame  of  car.    D. 

If  feasible,  it  is  often  safer  to  puU  a  car  with  a  cable  rather  than 
to  push  it  with  a  pole. 

9.  As  handyman  was  climbing  over  cars  he  fell  and  Injured  knee.    G. 

10.  Locomotive-crane  engineer  slipped  and  struck  shoulder  against  throttle  of 
crane,  starting  engine ;  foot  was  drawn  into  gears.  Compound  fk*acture  of  three 
toes.    B. 

11.  Brakeman  was  riding  on  footboard  of  locomotive  when  it  derailed,  jarring 
man  off  and  amputated  his  foot. 

12.  Brakeman  standing  on  footboard  of  engine  was  talking.  He  carelessly 
placed  his  left  hand  on  drawhead  when  couplers  engaged  in  coupling  car. 
Fingers  contused  and  cut    D. 

13.  Laborer  jumped  on  footboard  of  locomotive  to  ride  and  was  squeezed 
between  car  and  locomotive  as  they  went  about  a  sharp  curve.    Bruised  hips.    D. 

14, 15, 16.  Three  brakemen  injured  hands  while  coupling,  injuries  varying 
from  thumb  bruises,  with  loss  of  3  days,  to  compound  fracture  of  fingers  aitd 
burns,  in  coupling  a  cinder  ladle.    B. 

17.  Conductor  was  placing  car  of  sand  at  furnace ;  car  slid  when  brake  was 
applied,  striking  concrete  wall  and  catching  man*s  hand  between  brake  wheel 
and  wall.    Amputation  of  finger.    B. 

18.  Laborer  was  placing  his  car  under  crane  at  cast  house  but  it  got  beyond 
his  control  and  bumped  into  an  empty,  causing  a  load  of  cast-iron  plates  to 
skid  forward  against  his  feet  while  he  was  attempting  to  set  the  brake.  Left 
foot  crushed.    B. 
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Train  crews  should  not  make  flying  switches.  Heavily  loaded 
cars  should  be  spotted  by  the  engine,  and  should  not  be  uncoupled 
until  they  have  been  brought  to  a  full  stop. 

19.  Cinder  man,  standing  on  ladle,  was  claying  cracks  when  cars  broke  loose 
from  locomotive  putting  them  on  track  and  bumped  the  ladle,  throwing  man 
to  track.  Ladle  truck  passed  over  arm,  crushing  same  so  as  to  require  ampu- 
tatioQ.    R 

20.  Millwright  was  crossing  track  In  front  of  a  string  of  empties  Just  as 
the  engine  bumped  them.  End  car,  not  being  coupled.  Jumped  forward  and 
knocked  man  down.    D. 

21.  Pig-machine  laborer  stepped  from  side  of  building  directly  in  front  of  a 
locomotive  running  light.  Laceration  of  scalp  and  bruises  of  legs,*  arms,  and 
body.    C. 

22.  Laborer  was  coking  ladles  from  the  yard  and  stepped  backward  directly 
in  front  of  an  engine.    A. 

When  a  path  leading  across  railroads,  exits  from  doors,  or  build- 
ings close  to  railroad  tracks  presents  any  hazard  of  injury  from 
moving  cars  or  locomotives,  a  railing  should  be  placed  so  that  the 
approach  of  men  to  the  track  will  be  retarded  suflSciently  to  compel 
them  to  take  thought  of  the  possibility  of  approaching  cars  (PI. 
X,  ^).  When  a  car  is  to  be  switched  into  a  track  where  men  are 
working  on  cars  or  ladles,  the  men  should  be  warned.  Men  thus 
engaged  should  protect  themselves  by  placing  a  temporary  flag 
in  the  tracks  back  of  the  switch,  so  that  train  men  will  know  that 
they  are  in  position  to  be  injured.  When  a  locomotive  is  about  to 
move,  or  is  approaching  the  ends  of  buildings  adjacent  to  the  track, 
ends  of  cars  on  adjacent  tracks,  crossings,  or  any  place  where  work- 
men are  engaged  along  the  track,  the  bell  should  be  rung.  The 
whistle  should  be  used  only  for  urgent  warning.  Continuously  ring- 
ing bells  or  whistles  used  for  any  other  purpose  than  for  warning  or 
conununication  soon  come  to  be  disregarded  as  warning  signals.  In 
crossing  tracks,  men  should  be  instructed  to  keep  at  least  one  car 
length  from  the  end  of  a  string  of  cars  on  the  track. 

23.  Brakeman  standing  on  car  struck  head  against  beam  as  car  passed  under 
OTerhead  trestle.    Contusion  and  laceration.    C. 

24.  Brakeman  attempted  to  Jump  string  of  coke  cars  being  pushed  up  yard  to 
^irnaoe  trestle,  when  hand  iron  pulled  off,  and  man  fell  under  moving  train.    A. 

25.  Crane  helper  was  acting  as  brakeman  on  ore  car  which  crane  was  push- 
ing. Fell  from  the  car  in  unknown  manner,  and  on  account  of  steam,  loco- 
iDotive  crane  engineer  did  not  see  him  fall  or  note  his  absence  until  both  car 
trucks  has  passed  over  his  legs.    A. 

Few  safeguards  can  be  used  on  railroads  aboiit  furnace  plants. 
Signs,  illuminated  at  night,  showing  places  of  close*  clearance  and 
telltale  ropes  at  each  side  of  overhead  obstructions  are  essential 
safeguards,  as  is  a  4-foot  fence  or  railing  extending  from  the  cor- 
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ner  of  a  building  and  in  front  of  a  doorway  adjacent  to  the  tracks. 
Parallel  throw  switches,  guard  rails,  switch  points,  bumping  blocks 
at  the  end  of  spurs,  and  automatic  couplings  on  ladles  and  other 
track  equipment  are  standard. 

Great  care  is  necessary  in  coupling  cars.  Couplers  are  not  always 
uniform  in  style  or  size,  brakes  may  be  out  of  order,  or  cars  may 
move  unexpectedly.  Couplings  should  never  be  made  from  the 
inside  of  a  curve.  Traininen  should  take  sufficient  time  to  examine 
equipment  and  to  adjust  couplers,  drawheads,  and  drawbars  before 
exposing  themselves  to  danger  in  coupling  and  they  should  under- 
stand that  no  standing  order  or  custom  requires  them  to  endanger 
life  or  limb.  They  should  take  especial  care  to  familiarize  them- 
selves with  the  situation  of  overhead  and  side  obstructions. 

Jumping  on  or  off  of  cars,  getting  in  front  of  moving  cars,  to  ad- 
just knuckles,  setting  brakes  on  flying  switches,  or  loosening  tightly 
set  brakes  are  duties  attended  with  danger  at  all  times,  and  they 
should  not  be  imdertaken  when  attended  with  unusual  risk.  Such 
work  should  not  be  undertaken  on  any  account  by  members  of  the 
furnace  force  other  than  trainmen,  as  the  hazard  is  much  greater 
to  unskilled  men. 

A  crossing  gate  connected  with  a  derailing  device  is  shown  in 
Plate  XI,  A.  When  the  gate  is  in  a  position  to  protect  persons 
coming  toward  the  crossing  the  derailing  device  is  thrown  off  the 
rail  but  when  it  is  not  in  such  a  position  the  derailing  device  is  in 
operating  position. 

WALKS,  PAVEMENTS,  SEWEBS,  AND  DITCHES. 

1.  A  hand  hook  used  to  regulate  overhead  gas  valve  at  door  of  cast  house  was 
Jarred  off  by  vibration  of  building,  and  fell,  lacerating  scalp  of  man  cleaning 
up  pavement.    D. 

Hooks  on  overhead  valves  should  be  either  securely  fastened  or 
taken  off  when  not  in  use. 

2.  Stove  tender  was  standing  beneath  hot-blast  valve  platform  when  a  bar  fell 
from  platform,  striking  foot    D. 

Bars  and  all  loose  material  should  be  removed  from  platforms 
when  work  is  finished. 

3.  Rigger  stepped  on  protruding  nail  outside  shanty.    Foot  punctured.    D. 
Some  one  was  culpable  in  leaving  such  dangerous  material  about 

Everyone  should  take  time  to  flatten  protruding  nails  or  to  remove 
boards  or  scrap  lumber  in  which  nails  protrude. 

4.  Man  coming  through  subway  slipped  on  ice  at  entrance.  Straloea 
shoulder.    D. 

5.  Millwright  going  home  fell  on  icy  steps  over  tracks.  Severe  bruise  and 
sprained  elbow.    O. 


CROSSINQ  SATE  WITH  DERAILING  DEVICE. 


B.     HANDLING  BRICK  BY  ROLLER  CONVEVOR,  SAFELY  AND  EFFICIENTLY. 


C    CAR  SHIFTER  WITH  PIECE  OF  HARDENED  STEEL  INSERTED  IN  HEEL. 
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In  the  winter  the  yard  foreman  should  detail  a  man  to  sprinkle 
salt  or  ashes  on  icy  walks  and  steps  or  to  remove  ice  altogether. 

6.  Laborer,  helping  to  test  cooler  plates  outside  of  cast  house,  let  one  fall 
over  on  his  foot.    Severe  bruises  and  cuts  of  toes.    B. 

The  need  of  especial  care  in  handling  heavy  castings  should  be 
emphasized  among  members  of  the  labor  gang. 

7.  Rigger's  helper  was  standing  in  front  of  exhaust  pipe  from  hoisting  engine ; 
eogineer  started  hoist,  causing  hot  water  and  steam  to  blow  over  helper's  leg 
snd  arm,  scalding  them.    B. 

Ahhough  the  injured  man  and  his  fellow  workman  were  each  care- 
less, the  management  was  negligent  in  not  having  the  exhaust  dis- 
charge guarded  or  in  some  inaccessible  place. 

8.  Foreman  was  pushing  scrap  down  chute  from  pavement  to  stock  house 
when  he  fell  down  scrap  chute  into  stock  house;  fractured  wrist.    B. 

Carefulness  and  the  use  of  safety  gloves  or  hand  leathers  would 
lessen  die  chance  of  such  accidents. 

9.  Laborer  cleaning  out  hot  well  was  overcome  by  gas  from  gas-scrubber  dis- 
charge, backing  up  in  sewer.    Asphyxia  and  nausea.    D. 

10.  Laborer  went  into  sewer  to  clean  it  when  explosion  occurred  which  blew 
hot  flue  dust  over  him.    Burned  face,  hands,  and  wrist.    D. 

A  man  working  in  any  sewer  or  in  any  well  connected  to  sewers 
carrying  discharge  water  from  gas-cleaning  equipment  should  use 
every  precaution.  Half-hour  oxygen  breathing  apparatus  should  be 
worn.  No  open  lights  or  torches  should  be  employed,  but  guarded 
electric  lights  with  weather  and  moisture  proof  sockets  should  be 
used.  Ventilation  is  usually  most  difficult  and  stringent  precautions, 
watchers  and  relief  hands  should  be  employed,  and  the  work  done 
under  the  supervision  of  a  foreman. 

11.  As  laborer  was  digging  in  a  ditch  a  board  fell  and  struck  him  on  face 
and  hand.    D. 

12.  Foreman  was  standing  alongside  of  ditch  when  it  caved  in,  causing  him 
to  fall.    Bruised  thigh.    D. 

All  loose  dfibris  beside  ditches  should  be  removed.  The  sides  of 
ditches  and  excavations  should  be  systematically  tested  for  firmness 
and,  if  loose,  should  be  barred  down.  Ditches  more  than  6  feet  deep 
should  be  cribbed  or  shored  up,  and  any  excavations  made  in  loose 
earth  should  usually  be  cribbed  to  preclude  accidents.  The  danger  is 
nrnch  increased  in  cold  weather  when  the  top  becomes  frozen.  When- 
ever an  excavation  is  being  made  near  a  track,  workmen  should  get 
out  when  heavy  loads  oi  cars  of  hot  metal  or  cinders  are  passing. 

13.  As  teamster  was  carrying  coal  across  ditch,  plank  broke,  and  man  fell  2 
feet  with  basket  of  coal.    Sprained  wrist.    D. 

11  Laborer  accidentally  stepped  Into  sewer  manhole  from  which  the  cover 
bad  been  removed.    Bruise  and  abrasion  of  thigh.    D. 
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15.  Engineer  stepped  into  dltch^  striking  cbeelc  against  edge  of  trendL  Frac- 
tured bone.    D. 

16.  Laborer  was  standing  on  pipe  while  pnmping  water  out  of  ditch;  he 
slipped  off  and  cut  and  bruised  right  leg.    B. 

Excavations  and  ditches  should  be  protected  by  temporary  rail- 
ings or  barriers;  lanterns  should  be  placed  at  night.  Plank  used  for 
runways  or  walks  should  be  of  standard  scaffold  lumber,  as  cribbing 
or  concrete-form  boards  are  apt  to  be  too  weak  for  safety. 

Manhole  cover  plates  should  never  be  left  off  unless  the  opening  is 
protected  by  a  sign,  or  portable  rail,  and  by  a  lantern  at  night. 
Whenever  it  is  necessary  to  work  while  standing  on  insecure  footing 
over  or  near  a  ditch,  a  rope  should  be  used  for  a  handhold,  or  should 
be  fastened  about  the  body,  if  a  fall  or  slip  is  liable  to  result  in 
injury. 

HANDLING  BBICK  AND  CEMENT. 

1.  Laborer  missed  his  footing  and  fell  from  brick  pile  about  18  feet  hlglL 
Fractured  leg.    B. 

2.  Plank  runway  dropped  on  foot.    D. 

3.  Brick  fell  ffom  pile.    D. 

4.  Pile  of  cement  sacks  collapsed.    Disabilities  of  3,  30,  80,  and  42  days. 

5.  Brick  pile  collapsed ;  2,  6,  and  15  days. 

6.  Finger  caught  while  taking  brick  from  chute;  4,  3,  11,  11,  and  18  days. 

7.  Finger  caught  while  tossing  brick ;  2,  5,  and  15  days. 

8.  Brick  dropped  in  handling  caused  injuries  as  follows:  To  hands  and 
Angers — 3,  5,  14,  and  24  days;  to  feet  and  toes — 4,  2,  5,  7,  and  14  days;  to 
knee — 1  and  9  days. 

0.  Strains  in  handling  material  caused  disabUities  of  1  and  8  days. 

Rules  of  the  United  States  Steel  Corporation  regarding  the  piling 
of  brick  and  of  cement  follow : 

PILING  OF  BRICK. 

1.  Except  in  brick  sheds,  brick  shall  not  be  piled  higher  than  7  feet 

2.  The  pile  shall  be  tied  at  every  course  with  alternate  courses  of  headers 
and  strikers. 

8.  When  the  pile  is  over  4  feet  high  it  shall  be  tapered  back  from  a  point 
4  feet  high  1  Inch  to  each  foot. 

4.  In  unpiling  the  taper  shall  be  maintained. 

5.  Under  no  circumstances  shall  brick  be  piled  for  storage  purposes  od 
scaffolds  or  runways. 

6.  Tie  strips  of  wood  shall  be  inserted  whenever  necessary. 

FILING  OF  CEMENT. 

1.  Cement  shall  not  he  piled  more  than  10  bags  high,  except  in  storage 
bins  built  for  the  purpose. 

2.  The  first  four  end  bags  shall  be  crosstied  In  two  s^Mirate  tiers  op  to 
the  fifth  bag,  where  a  step  back  of  one  bag  on  every  fifth  bag  shall  be  made 
Beginning  with  the  fifth  bag,  only  one  cross  tier  will  be 
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3.  The  back  tier  when  not  resting  against  a  wail  of  sufficient  strengtli 
shall  be  stepped  bacls  one  bag  to  every  five  bags,  the  same  as  the  end  tiers. 

4.  Cement  bags  in  outer  tiers  shall  in  all  cases  be  piled  with  the  mouth 
facing  the  center  of  the  pile. 

5.  When  cement  is  removed  from  a  pile  the  length  of  the  pile  shall  be  kept 
at  even  height,  and  necessary  step  back,  every  five  bags  shall  be  taken 
care  of. 

Compliance  with  th^se  standards  undoubtedly  would  prevent  a 
number-  of  serious  injuries.  The  use  of  roller  tables  or  conveyors 
(PL  XI,  B)  instead  of  chutes  for  brick,  together  with  some  instruc- 
tion in  safe  ways  of  taking  tjie  brick  from  the  tables,  should  appre- 
ciably decrease  the  injuries  from  pinched  fingers.  The  practice  of 
tossing  brick  is  to  be  discouraged  when  other  means  of  moving  them 
are  available,  as  injuries  are  bound  to  occur.  Injuries  from  drop- 
ping brick  on  tfaie  hands  and  feet  result  from  lack  of  skill  or  care,  or 
from  the  hurry  of  the  work  and  the  fatigue  of  the  men. 

KISGEIXAKEOnS  ACCIDENTS  ABOUND  BLAST  FTJBNACB. 

1.  Laborer  was  cleaning  off  top  of  gas  washer  and  was  overcome  with  gas. 
Asphyxia.    D. 

Men  should  work  in  pairs  at  the  top  of  gas  scrubbers  and  there 
should  be  steps  to  the  top.  If  ladders  only  are  provided,  they  should 
be  iitted  with  safety  cages.  Wearing  of  breathing  apparatus  is  ad- 
visable in  all  gaseous  places. 

2.  Laborer  was  hit  on  head  by  grab  bucket  when  cable  brolce.  Concussion 
of  brain  and  fractured  skull.    C. 

If  possible  to  avoid  it,  men  should  not  get  under  buckets.  How- 
ever, they  must  sometimes  do  so,  and  for  that  reason  especial  atten- 
tention  to  inspection  of  cable  should  be  mandatory.  The  wear  of 
cables  is  indicated  by  the  breaking  of  the  strands  which,  as  a  rule, 
shows  on  the  surface.  Interior  wear  can  be  determined  by  putting 
two  clamps  on  the  rope,  a  short  distance  apart,  and  untwisting  the 
rope  slightly,  when  the  inside  strands  can  be  inspected. 

As  the  factor  of  safety  of  steel  cables  running  over  sheaves  is 
usually  5  to  6,  breaking  of  the  wires  is  not  serious  until  30  to  40 
per  cent  of  them  are  broken  within  the  length  of  the  pitch  of  the 
strand.  When  a  cable  with  6  strands  of  19  wires  to  the  strand  has 
35  to  45  broken  wires  in  a  length  in  which  the  strand  makes  a  com- 
plete whirl,  the  cable  should  be  renewed. 

End  hitches  should  be  made  about  thimbles  with  three  cable 
clamps.  To  avoid  slipping  of  cable  through  the  clamps  as  the  load 
stretches  and  thins  the  cable,  the  clamps  should  be  inspected  and 
tightened  if  necessary. 
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Wear  of  cables  usually  results  from  crystallization  of  the  wire, 
caused  by  high  speed,  small  sheave  wheels,  or  long  use;  from  internal 
abrasion  and  wear,  caused  by  insufficient  lubrication;  and  from  ex- 
ternal wear  incident  to  use,  or  to  rough  sheaves  or  sheaves  that  are 
too  large  or  too  small.  The  best  efficiency  is  shown  when  the  wires 
do  not  commence  to  break  until  they  are  worn  nearly  half  through. 

Two  cables  are  used,  as  a  rule,  on  elevators  and  skip  hoists,  and 
they  do  not  always  wear  evenly.  If  one  starts  to  crack  the  most 
satisfactory  results  are  obtained  if  both  cables  are  changed  because 
both  will  stretch  evenly. 

Splicing  of  cables  for  blast-furnace  equipment  is  rarely  satisfac- 
tory, as  it  has  to  be  done  by  experts  to  be  durable  and  safe. 

On  skip  inclines  there  is  as  a  rule  less  danger  from  the  breaking 
of  cables  than  from  derangement  of  the  skip  hoist.  Three  safety 
devices  which  may  be  said  to  be  essential  are  an  overspeed  governor, 
an  automatic  stop,  and  a  slack-cable  device. 

Overspeed  devices  are  possibly  more  in  order  on  electric  than  on 
steam  hoists.  They  are  set  to  act  when  the  speed  of  the  car  exceeds 
its  normal  rate ;  for  a  skip  that  is  operated  at  a  speed  of  200  feet  per 
minute,  the  speed  governor  is  set  to  throw  the  current  oflf  and  apply 
the  brake  when  the  speed  reaches  400  to  600  feet  per  minute. 

Automatic  skip  stops  to  prevent  overrunning  at  top  and  bottom  are 
used  at  practically  all  furnace  plants.  Such  a  stop  usually  consists 
of  a.  revolving  screw  fitted  with  a  traveling  nut  which  engages  a 
pinion  as  the  skip  reaches  the  top  or  the  bottom.  This  pinion,  by 
an  arm  or  suitable  gearing,  operates  relay  switches  or  the  throttle 
and  stops  the  skip  at  some  predetermined  point.  The  automatic 
stops-  are  much  to  be  preferred  to  having  the  control  exclusively  in 
the  hands  of  the  skip  operator.  If  adjustment  is  made  to  allow  for 
stretching  of  cable,  the  hitting  of  bumping  blocks  and  dangerous 
and  excessive  acceleration  or  retardation  of  the  car  are  avoided. 

Slack-cable  devices  are  employed  on  electric  hoists.  Beneath  the 
drum  is  placed  an  iron  strip  held  by  an  arm  which  is  depressed  when 
the  cable  becomes  slack  and  bears  down  on  it.  Depression  of  the  strip 
causes  the  circuit  to  be  broken  and  the  dynamic  brake  to  be  applied. 
The  device  is  useful  in  two  ways — ^if  the  skip  hangs  at  the  top,  over 
the  hopper,  the  device  will  cause  the  hoist  to  be  stopped  before  the 
cable  has  accumulated  an  excessive  amount  of  slack;  and  if  the  cables 
have  been  allowed  to  become  dangerously  slack,  so  that  the  car  hits 
the  bottom  block  heavily  and  starts  with  a  jerk  as  the  hoist  accel- 
erates and  takes  up  the  slack,  the  device  operates  to  prevent  the  hoist 

from  running. 

A  few  plants  have  additional  safeguards — for  instance,  an  addi- 
tional cut-out  device  at  the  top  of  the  skip  incline,  the  device  being 
tripped  by  the  travel  of  the  car  beyond  a  certain  point,  and  being 
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designed  to  act  when  the  regular  automatic  overtraTel  device  faila 
By  means  of  a  second  device  an  electric  circuit  is  completed  throu^ 
the  axle  and  wheels  of  the  skip  as  it  reaches  certain  predetermined 
points  at  the  top  and  the  bottom ;  the  closing  of  the  circuit  throws  on 
a  light  at  the  skip  operator's  station.  This  device  is  used  where  the 
skip  operator  does  not  command  a  view  of  the  skip  incline,  and  is 
an  indication  of  overtravel,  approach  to  bumping  blocks,  or  of 
hanging  or  obstruction  of  down  travel  away  from  the  dumping 
I)06ition.  A  third  device  is  a  lever  resting  on  a  skip  rail  and  pivoted 
so  that  the  front  skip  wheel  in  coming  to  the  dumping  position  raises 
the  lever  and  operates  a  telltale  weight  in  the  stock  house.  This 
device  is  used  primarily  to  indicate  that  the  skip  car  does  not  hang 
at  the  top. . 

8.  Electrical  repair  man  was  standing  at  foot  walk  of  crane  with  foot  under 
line  shaft,  and  as  shaft  started  to  turn  coupling  caught  roll  turned  up  on  bottom 
of  tronser  1^  and  pulled  leg  under  shaft    Gomponnd  fracture  of  right  ankle. 

Couplings  in  line  shafts  should  be  entirely  inclosed  with  guards 
that  do  not  revolve  with  the  shafts.  Any  projecting  set  screws  should 
either  be  replaced  with  safety  set  screws  or  be  inclosed  in  a  guard. 

4.  Laborer  making  a  coke  fire  threw  a  can  of  oil  onto  the  fire.  Oil  burst  into 
flame,  burning  hands,  neck,  and  face.    D. 

Men  should  be  emphatically  warned  against  throwing  oil  on  fire& 
As  the  use  ^f  common  hand  torches  is  eliminated,  so  that  oil  is  less 
easily  obtainable,  the  liability  of  this  careless  act  diminishes. 

5.  Workman  was  working  on  the  cast-house  roof  when  the  furnace  slipped 
and  a  piece  of  limestone  struck  his  head,  cutting  scalp.    D. 

With  old  types  of  furnaces  the  possibility  of  such  an  accident  is  not 
remote.  Modern  tight-top  furnaces  if  equipped  with  positive  closing 
bleeder  valves  remain  shut  against  any  slip  and  provide  absolute 
security.  Belief  valves  on  bleeders  of  the  free-opening  type  do  not 
provide  any  security  whatever,  as  scrap,  limestone,  and  ore  lumps  are 
ejected  freely  through  them.  Explosion  doors  on  the  gas  offtakes 
are  exceptionally  dangerous. 

Whenever  men  are  on  top,  on  roofs,  on  poles,  or  in  similar  places 
from  which  escape  is  difficult,  especial  precaution  should  be  taken. 
If  the  furnace  is  working  stiffly  or  irregularly,  and  is  slipping,  the 
foreman  should  not  allow  men  to  go  to  such  places,  as  there  may  be 
a  slip  even  when  the  furnace  is  not  known  to  be  hanging.  If  the 
furnace  is  working  regularly,  and  men  are  sent  to  such  places,  the 
furnace  foreman  should  be  notified,  and  especial  attention  should 
be  paid  to  rodding  the  furnace.  If  the  furnace  hangs  or  sticks  for 
an  abnormal  interval,  the  men  should  be  at  once  warned  to  get  under 
cover.  If  it  is  necessary  that  the  men  go  in  some  place  of  hazard, 
the  blower  should  take  all  necessary  precautions.  The  blast  should 
be  taken  off  if  necessary.    If  the  blast  is  not  taken  off,  the  furnace 
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should  be  checked.  Gangs  working  in  the  yard  or  on  the  trestle 
tt  such  times  should  station  a  man  familiar  with  the  furnace  to 
warn  them.  Under  no  circumstances  should  a  man  be  sent  to  the 
top  or  to  a  place  of  similar  hazard  when  the  furnace  is  known  to  be 
hanging. 

6.  Clean-np  man  was  changing  electric  light,  holding  wires  at  base  of  socket 
in  one  hand.  The  wires  crossed,  cansing  a  short  circuit  Bums  of  liand  and 
of  both  eyes.    D. 

7.  Graneman,  through  with  work,  was  lying  on  bench  reading.  Had  light 
wires  across  leg.  Insulation  was  worn  off  and  wires  short-circuited,  bomiDs 
leg.    C. 

8.  Graneman  threw  in  switch  and  started  controller  to  try  out  hoist.  Threw 
in  controller  too  fast,  and  200-ampere  fuse  blew  out  To  escape  from  flame 
man  leaned  out  of  cab  window  and  fell  to  ground.  Gompound  fracture  of 
elbow.    B. 

Fuses  on  all  circuits  should  be  inclosed  in  an  asbestos-lined  fuse 
box,  or  an  automatic  circuit  breaker  should  be  placed  overhead,  where 
the  flash  will  not  endanger  the  eyes.  Another  alternative  is  to  place 
the  fuse  of  circuits  for  lights,  larry  cars,  motors,  and  hoists  at  a 
sufficient  distance  from  switches  or  controllers  to  eliminate  danger 
should  they  burn  out.  If  there  is  anything  amiss  with  the  circuit, 
fuses  generally  blow  out  when  the  switch  is  thrown  or  the  controller 
operated;  consequently,  fuses  and  switches  should  not  be  placed  on 
the  same  base,  unless  the  fuse  is  inclosed.  Wire  fuses  m^de  of  base 
metal,  unless  inclosed,  are  particularly  dangerous  when  blowing  out 
because  of  the  flying  of  molten  metal  and  the  heat  of  the  arc. 

Wires  from  electric-light  sockets  should  be  taped  far  enough  back 
to  eliminate  danger  of  short  circuits.  In  general,  the  use  of  ordi- 
nary insulated  wire  for  hand  lines,  extension  lights,  or  drill  motors 
is  to  be  discouraged.  In  so  far  as  possible,  the  light  wires  should  be 
placed  in  conduits  up  to  a  given  point,  and  standard  packing  house 
light  cord  should  be  used  up  to  the  extension  handle.  This  handle 
should  be  of  wood,  with  weather-proof  socket.  The  wires  from  the 
lamp  socket  should  not  pass  through  a  metal  tube,  and  there  should 
be  no  connection  between  the  socket  and  any  metal  part  of  the  holder, 
such  as  a  protection  cage.  Gloves  or  tongs  should  be  used  in  replac- 
ing globes.  It  is  to  be  noted  that  it  is  not  contact  with  high- voltage 
circuits,  motpr  frames,  brushes,  or  terminals  that  causes  moet  injuries 
from  electricity  about  furnace  plants;  fuses,  electric-light  cords,  and 
globes  cause  most  of  such  accidents.  Switchboards,  generators, 
motors,  and  transformer  equipment  are  generally  installed  with  due 
regard  for  safety.  The  hazards  from  fuses,  hand  lights,  and  cords 
are  less  obvious  and  consequently  should  be  emphasized. 

•9.  Wireman  was  placing  trolley  rail  when  plank  on  S-foot  scalffold  broke, 
throwing  him  to  ground.    Contusion  of  body.    O. 

10.  Millwright  was  standing  on  a  ladder  resting  on  a  wet  floor;  the  ladder 
Slipped  out  from  under  him.    Ck>ncu8sion  of  head  and  dislocated  elbow.    B. 
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11.  Handy  man  was  placing  metal  sheets  on  roof.  He  braced  himself  by  plac- 
ing his  foot  against  a  rod,  which  shook  and  caused  him  to  fall  40  feet  into 
scrap  car.    Skull  and  leg  fractured.    B. 

12.  Pipe  fitter,  sitting  on  20-lnch  steam  pipe  screwing  plug,  slipped  and  fell 
9  feet  to  ground.    Fractured  skull.    B. 

13.  Rigger,  while  putting  metal  sheets  on  bdilding,  was  standing  on  scaffold 
supported  by  block  and  tackle.  In  handling  a  sheet,  he  placed  his  back  against 
building  and  braced  his  feet  on  scaffold;  scaffold  swung  away  from  building 
and  he  fell  25  feet.    A. 

OEKESAL  BEICABXB. 

The  foregoing  review  of  accidents  about  furnace  plants  indicates 
that  falls,  together  with  railroad  equipment  and  asphyxiation,  ac- 
count for  most  of  the  fatal  injuries. 

The  standardization  of  scaffold  and  ladder  equipment  is  admit- 
tedly difficult.  An  employer  is  in  duty  bound  to  make  and  enforce 
strict  rul^s  in  regard  to  the  construction  of  scaffolds — who  is  to  build 
them  and  when  and  how  they  are  to  be  built.  The  range  in  height 
of  the  falls  noted  above  is  8  to  40  feet,  and  an  injury  resulting  from 
a  9-foot  fall  vras  more  severe  than  one  from  a  40-foot  fall.  It  seems 
as  if  a  standard  scaffold  should  be  provided  for  work  at  any  height 
more  than  8  feet  from  the  ground.  If  the  work  is  of  a  temporary 
character,  a  boatswain's  chair  may  be  used. 

When  a  ladder  rests  on  a  smooth  concrete  or  iron-plate  floor,  some 
one  should  always  hold  the  base.  For  a  firm  wooden,  brick,  or  dirt 
floor,  a  ladder  with  prongs  at  the  bottom  is  safe,  provided  it  rests 
squarely  at  the  top.  When  long  ladders,  such  as  are  used  in  tearing 
out  scaffolds  inside  furnaces,  are  employed  they  should  be  made 
of  the  very  best  4-inch  by  6-inch  pine  of  straight  grain  and  free 
from  defects;  or  steel  ladders  may  be  used.  When  ladders  are 
used,  as  is  necessary  when  furnace  lining  toward  base  is  torn  out, 
each  segment  should  have  a  1-inch  hemp  rope  lashed  to  its  top  and 
the  rope  should  be  attached  to  a  top  structural  column.  No  more 
than  two  men  should  ever  be  allowed  on  such  ladders  at  one  time  and 
they  should  keep  at  least  20  feet  apart.  A  foreman  should  always 
be  present  to  enforce  these  requirements.  Recently  three  men  were 
working  on  such  a  ladder  and  all  were  killed  when  the  ladder  broke. 

Jointed  steel  ladders  with  safety  cages  attached  are  being  used 
to  advantage  for  this  work. 

In  painting  or  in  pipe  fitting,  rigger,  or  millwright  work  on  steam 
or  blast  lines,  ladders  should  be  employed  for  access  to  the  work- 
ing point,  where  if  necessary  a  scaffold  may  be  made.  Many  steam 
and  blast  lines  vibrate  considerably,  and  although  every  furnace 
force  probably  has  at  least  one  man  who  is  so  sure-footed  that  he 
can  walk  along  such  a  line,  the  act  is  dangerous  and  should  not  be 
permitted. 
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Falling  of  men  from  roofs  occurs  so  persistently  that  the  necessity 
of  requiring  all  men  who  work  on  roofs  to  wear  belts  with  safety 
lines  attached  has  been  demonstrated.  In  one  accident  of  record 
two  men  were  killed  by  falling  from  a  blowing-engine  roof.  They 
had  not  been  furnished  lines  nor  ordered  to  use  them.  In  another 
accident  a  man  fell  from  a  boiler-house  roof  and  fractured  both 
his  wrists.  Hopes  had  been  furnished  and  the  foreman  had  been 
ordered  to  have  the  men  use  them,  but  he  had  not  done  so.  His  dis- 
charge followed  the  accident. 

Falls  of  workers  ranks  fourth  as  a  cause  of  accidents,  accounts 
for  the  greatest  number  of  fatalities,  and  results  in  the  greatest  loss 
of  time  to  the  workmen. 
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Details  of  the  typical  accidents  outlined  in  the  foregoing  review 
and  of  other  recorded  blast-furnace  accidents  in  Pennsylvania  in 
1915  are  shown  in  tabular  form  in  Tables  1  to  4  following: 

Tabub  1,-^DetaUed  data  an  blast-furnace  acddentt  in  Penfuylvania  in  1915. 
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Tabub  1. — Detailed  data  on  Uast-fumace  aeotdents,  etc, — OoDtinued. 
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OMiseofaoddBiit. 

VIrst 
week. 

week. 

Third 
week. 

Fourth 
week. 

Fifth 
week. 

axth 

week. 

1 

1 

1 

£ 

Q 

1 

• 

1 

18 
17 

i 
1 

1 

1 

1 

1 

1 

1 

Struck  by  sledges,  hammers, 
batctbetts.  or  pkka: 

13 
18 

6 

11 

5 
6 

6 
3 

11 
13 

3 

B7  others. 

1 

29 

Total  or  aTeraSB... . . 

31 

16 

6.7 

8 

11.4 

17.5 

1 

29 



atntk  hy  hand  tods  of 
othm 

23 
0 

96 
7 
8 

34 

47 

11 
3 

11 
3 
6 

12 

20 

6 
3 
6 
6 
6 
6 
6 

7 
1 
7 
3 
1 

10 
11 

11 
14 
10 
9 
14 
11 
12 

18 

1 
2 

35 
34 

1 
3 
2 

42 
47 
51 

1 

Slippfng  wrenches 

1 
1 
1 

2S 
25 
26 

tt^fiw  tools  of  others 

8tnii*f9 In  niinif  tnnla.    ...... 

18 

1 

35 

1 
6 

4 

100 
46 
62 

^t  WTBDChe*. 

17 
18 

4 
6 

25 
24 

2 

BnggfsB  or  wheelbarrows  ... 

2 

34 

•  *  •  • 

Total  or  averace,  hand 
tools 

184 

80 

6.0 

48 

11.1 

18 

17.7 

12 

34.7 

8 

32.7 

16 

51.4 

3 

FA 

LLI 

e^o  01 

R  FLY1N< 

Q  H 

ATERIAl 

1. 

Forefea  body  hittfaig  eye — 
Matori^  fblUng  m  or  fnsn 
ftrf  and  bidlef . ......  r  -  r  - 

44 

29 

22 

17 

7 
7 

4 

7 

27 

12 

U 

7 

3 
2 

1 

2 

4 
6 
6 

4 

6 
7 

3 

6 

10 

10 

6 

4 

10 
12 
10 
12 

3 
2 

17 
18 
18 
10 
19 

1 
1 

30 
36 

3 
3 

100 
02 

(e) 

1 
3 
1 

28 
28 
27 

1 

Uaterial  teUing  from  ore 
chntes 

Material  flybiK  from  dedg- 

hie,diipplnc.ete.... 

ToqIb  draped  Arom  eleva- 

2 

40 

3 
1 

1 

82 
35 

35 

FUUns  tlDiber.... 

Material  ftUing  from  rood  or 

myffff  ..................... 

3 

1 
8 

12 
12 
11 

1 

16 
21 

SUdhig  or  eoilapatng'pBes  or 
mcfiavatioDs 

1 

65 

" 

Ytom  IhilngB  being  torn 
oat  or  reralred 

18 

8 

4 
3 

6 

4 

6 
6 

19 
17 

1 

22 

1 

42 

2 

From  walls,  soafEolds,  or 
pflOB 

Fjrom  nfles  ooOapsinff . . . 
MlmmlmimTns. .  7..... . . . 

1 
1 

10 
11 

2 

30 

1 

42 

16 

Total  or  aTsrage  ftU- 
ingbriok 

36 
5 

10 
3 

6 
6 

2 

1 

11 
14 

17 

1 

22 

2 

30 

2 

1 

43 

40 

2 

MismllfinmnTff 

... 

Total  or  aToraee  tell- 
ing or  flying  material 

168 

78 

4.6 

88 

12.0 

23 

17.8 

6 

26.8 

8 

32.3 

11 

6&5 

4 

•  Lost  sight  of  one  eye. 
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Table  1. — Detailed  data  on  hlast-fumace  accidents,  etc. — Continued. 

FALLS  OF  WORKERS. 


1 

il 

I 

10 
26 

7 

8 

17 

6 

4 
14 

13 

8 
14 
4 
6 
4 
3 
10 

154 

1 

rime  disaUUty  ended. 

• 

Oaoae  of  accident. 

First 
week. 

Seoond 
week. 

Third 
week. 

Fourth 
week. 

Fifth 
week. 

Sixth 
week. 

6 
12 

3 

4 
6 

2 
2 

1 

5 

4 
4 

■ 

1 

6 
5 

6 
6 
5 

6 

4 
4 

5 

4 

6 

• 

1 

• 

1 

1 

1 
1 

• 

21 
19 

1 

• 

1 

• 

1 

1 

1 

■ 

1 

a 

1 

Stumbling  on  ground  level. . 

3 

7 

4 
1 
7 

1 

11 
9 

12 

9 
10 

supping  on  ground  level 

Falls  into  oltcbes  or  man- 
holet 

1 

26 

1 

35 

4 

1 
1 

68 
67 



Fills  into  or  in  bins 

2 

21 

120 

Fftllff  in  or  throngh  ears .... 

1 
1 

28 
37 

3 

32 

Fills  from  peminent  plat- 
form walks 

2 

71 

Falls  on  steps 

2 
2 

3 

1 
1 

20 
16 

18 

17 
16 

Falls  from  ladders 

3 
3 

11 
12 

2 

1 

1 
3 

85 

90 

30 
30 

6 

2 

1 
4 
1 
2 

1 

67 

54 

76 
67 
40 
51 
ISO 

Breaking  or  tilting  of  plank 
or  ruDwavs 

1 

18 

Stepping,  sUppiiic,  or  Jump^ 

ingfrom  efevation 

Breaking  or  defoot  of  scaffold. 

1 

9 

Rooto..:. 

1 

27 

Pipes 

1 

4 

2 

33 

TnsOe 

2 

14 

1 

20 

Top  of  furnace  or  stove 

1 
2 

2 
6 

.... 

ViK9llftiMy?uff      

2 

11 

1 

17 

2 

28 

2 

30 

Total,  or  average,  lalls  of 
workers 

53 

4.6 

32 

ia9 

14 

1&5 

7 

26.7 

15 

32.1 

25 

68.8 

8 

BURNS  FROM  HOT  METAL. 


Opning  and  dosing  tapping 

24 
11 
10 

9 
6 

4 
3 
11 
5 
5 
4 

5 

4 

4 

4 

5 
5 

4 

4 
5 
6 

5 
1 

11 
13 

3 
8 
3 

1 

17 
18 
20 

21 

3 
3 

36 
31 

3 

30 

2 

«  •  .V 

56 

Onei^tlnff  (ihutt^rs . 

Snarks  or  solashes 

1 

SO 

Cold  scrap,  bars,  and  ladles 
in  iron 

2 
2 

11 

13 

1 

1 

38 
38 

1 

2 
1 

40 
53 
60 

Stepping  Into  runners 

Cleaning  runners  or  troughs. . 

Pouring  at  pig  machine 

Using  hand  ladles 

16 
15 
21 
15 

1 
8 
2 

10 
13 
10 

1 
1 

■■36" 
35 

3 

4 
5 
6 

6 

4 

1 

22 

1 

50 

Splauies  from  track  ladles. . . 
SinilUng  and  deanhig  ladles . 
Breakouts    and    bursting 
tuyeres.. 

3 

1 

28 
28 

1 
1 

12 
14 

■"l" 

■86' 

3 

46 

BabDltt-metal  e3q;do8iQDS... . 

1 

30 

1 

. ... 

Total  or  average 

101 

41 

4.4 

18 

11.8 

14 

1 

l&O 

11 

25.6 

7 

31.6 

10 

5a4  '.... 

1 
1 

CrXnES,  hoists,  OB  RIQOINQ. 


Hooking  "n .......  -    

15 

31 

16 
12 
9 
5 
3 
7 
3 
8 

4 

6 

4 
4 
6 

4 

4 

2 
3 
1 

12 

12 

11 
11 
10 

1 
2 

2 

1 
1 

20 

18 

19 
21 
20 
20 

3 
1 

3 

1 
1 
1 

37 

38 

36 
32 

3 
3 
3 

35 
31 
35 

2 

3 

3 
1 

46 

81 

64 
41 

«••• 

Caught    hi    gear,    rigging, 
blocks,  etc 

Struck  by  buckets,  magnet, 
or  loads 

>  •  ■  » 

Slipphig  or  defective  hitches . 
Breaking  or  loose  crane  parts 
F^llinff  tmcVet  N^n*. ,  r  t  . . , . . 

28 

3 

81 

6 

2 

1 
8 

90 
90 

■  ••« 

Dttfscti  ve  riffins  ,...r...r.*i 

... 

■  •■■ 

SUds  or  cans. 

3 

2 

13 

2 

31 

3 

81 

Runway  aoddents 

8 

49 

.... 

Idaosnaneous  rigging  work. . 

6 

1 

S4 

1 

* 





Total  or  average 

98    33 

5.2     16 

1L7 

11 

19.7 

9 

36.5 

18 

88 

15 

668 

1 
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Table  1. — Detailed  data  on  hlait'fumace  (accidents,  etc. — Contmaed. 

BAILB0AD8. 


OraMofaeddent. 


Lvry  otts  or  scale  can: 

Rim  Into  by 

Otf  itartad  whUe  beixig 

repaired. 

MfaceHaneoQg 


Total  or  average,  larry 
oars  or  scale  cars 


Setting  or  looaaning  broken 

brakes 

Struck  bycars  or  locomotives 
Jumping  on  or  off  equipment 

Track  tracks 

Coupling 

BoiDsing 

FBlbof 

Ttorcroi 


ipnsons 
otivecra 


dose 
Dsailmeat 


Total  or  average. 


1 

IS 

§ 


S 


1 


15 


8 
7 
6 
5 
4 
4 
4 
4 
3 
2 
5 


67 


Time  disability  ended. 


First 
week. 


1 

2 


3 
2 
2 
3 


2 
1 


23 


I 


C 

7 


G 
4 
5 
4 
3 
3 
5 
17 
4 
5 
4 


4.9 


Second 

week. 


I 


2 

2 


3  : 
1 

2 
1 


14 


14 
10 


13 
11 
11 
13 


Third 
week. 


I 


1 

1 


& 

Q 


20 

20 
20 


Fourth 
week. 


i 


I 


28 


Fifth 
week. 


3 


14 


12 


20 


18 
21 


28 


17 


25 


21  j    1        26 


14     12.9 


7     19.6  I    3     26.3 


30 


Sixth 
week. 


I 


3 
2 


4 

2 


2 
1 


49 

76 


69 
66 


60 
60 


66 
70 


30     11     60.1 


a 

£ 


1 

3 


MACHINES  OR  MACHINERY. 


En^nes  or  pumps: 

CrankSyOonnecting  rods, 
ororosHdieads 

2 
1 

2 
1 

5 
7 

4 
5 

1 
1 

9 

8 

1 

42 

Vafvfk  nMKdianism . 

1 

1 
2 

16 

10 
16 

1 

1 

26 
25 

Wrist  plates  or  rocker 
arms  .  .....  ..» 

MismUancKnu 

2 

14 

1 

42 

1 

1 

Total  or  averaee 

18 

10 
7 
5 
3 
3 
3 
2 
6 

6 
2 

5 
3 

4 

11 

8 

4 

4 
1 

19 

19 
21 

2 
2 

25 
27 

2 

42 

42 
60 
60 

Msdkinetools^emery  wheels, 

4  •  13 

"i  1  a 

Caught  in  belts 

Taiflb dn*"pi"g  mechanism. 

Clay-gnn  meqhanism 

f^mnloor  mficnAniffm .  r . .  t  .  -  - 

2 

5 

10 
10 

1 

25 

2 

20 

1 
1 
1 
1 

3 

17 

3 

5 

i      8 

1 

.^ 

2 

1 
1 

18 
21 
21 

Bnaktog  machinery 

r^iMlmffied             ,    ...  . . 

1 

3 

*  8 

42       

.... 

Total  or  average 

57 

14 

4.6 

15     10.4 

15 

19.4 

6 

25.7 

1 

31 

6 

48 

•     M    •     ■ 

FLAMES  OR  EXPLOSIVES. 


TonlMttx 

11 

1 
3 

3 
3 

7 
7 

4 
4 

4 

4 

2 

4 
2 

13 
13 

11 
10 
14 

2 

20 

2 

32 

2 
2 

1 

76 
48 

40 

nanMsfromtajrArcs 

Explosion  of  gas  at  top  or  at 
iniyjig     

1 

15 

1 

28 

1 

LlrlitlnpinM              

OilMiflraii         

Stondonra  blown  off 

1 

35 

1 

VxnlnsivM       .............. 

1 

9 

Total  or  average 

41 

11 

5.5 

16 

12.1 

8 

18.8 

1 

28 

3 

73 

5 

57.6 

2 
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Table  1. — Detailed  data  on  dlotl-funuice  accidenta,  etc. — Gontinned. 

BURNS  PROM  dNDBB. 


1 

|l 

Time  dlaaUttty  ended. 

Ombb  of  MOldHlt* 

first 
week. 

SeooDd 
week. 

Third 
week. 

Fourth 
week. 

Fifth 
week. 

Hztta 
week. 

1 

1 

4 
5 

6 
7 
3 

1 

1 

i 

1 

1 

10 

1 

• 

1 

• 

1 

1 

1 

! 

htodm... 

6 

4 

5 
6 

4 
6 
3 
3 
2 

8 

1 
3 

2 
2 

1 

2 

9 

2 

1 

08 
75 

SidMhM  from  tapping  holo 
orblowplpM 

20 
10 
16 
21 

2 

32 

Twri"£flM™r 

10 
8 

1 

42 

2 

35 
90 

3 

51 

1 

StqrobglLntoolnder 

10 

2 

7 

16 
IS 

21 

•••••■ 

1 

im 

aothfiic  ignltMl  from  heat 
ofolndar 1 

10 

1 

42 

Total  or  average 

42 

11 

6.5 

0.8 

17.7 

6 

33.5 

8 

70.9 

1 

ILLNB88. 


bfeetton: 

From  outs,  punctoreSi 
or  slivers 

13 

10 

6 

3 

2 

8 
2 

4 
6 

4 
6 
2 

1 

11 
12 
10 
10 

8 
2 
2 

19 
18 
19 

1 

22 

1 

83 

1 

56 

Handlinf  tools 

Bmises 

1 

24 

1 
2 

40 
53 

Home  treatment ........ 

Others  

1 

7 

1 

28 

•• 

...... 

Total  or  average... . . 
Ofetoome  bv  heat. . ........ 

34 

4 
2 

6 
8 

1 

6.1 

4 
4 

18 

1 
1 

11.2 
9 
9 

7 

1&7 

2 

23 

2 

30.5 

4 

50.5 

--•- 

Vetnting  or  nte . ............ 

Total  or  average. 

40 

10 

47 

15 

10.8 

7 

18.7 

2 

23 

2 

30.5 

4 

50.5 

• 

■  •  v« 

FIQHTINO  OR  PLAYING. 


Fighting  or  playing . 


8 


ELECTRICAL  MACHINERY. 


Fmet 

11 
7 
6 

4 
4 

3 
2 

4 
4 
1 
2 
2 

2 
2 

8 
5 
7 
6 
3 

4 

4 

8 
8 
2 
2 
2 

13 

12 

13 

9 

9 

1 

16 

1 

28 

1 

30 

1 

133 

Olobee  or  sockets 

SlMrt^drcalted  wires 

8 

20 

Polling  switdhes 

Tools  slipping 

1 

'36'" 

Oontaot  i^th^eleotric  equip- 
ment  

» 

1 

Eleotr e burner.. .X.W.. XL  .^ 

.... 



i 

Total  or  average 

38 

17 

4.2 

12 

1L4 

4 

19 

1 

28 

2 

30 

1  132 

1 
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Tabu  1.— Detailed  data  on  UoMi-fumaoe  acddmU,  ele.--€kmtlnaed. 

HOT  WAT8B  OB  8TBAM. 


CMBSCfMcidfBnt. 


Stopping  or  foiling  Into 
atesm  or  hot  wAter 

Dafecdre  or  bursting  equip- 
sMnt. 

Atdsygim 

HtoMD  trOPI  OXlMMMtl. 

Atdaderpit 

WaiwoDXiot  material 

Hot  water  or  rtoam  from  tu- 

7A1M.. 

UninsalBted  pipe. 

MitfiWMlltngTaKa 

Total  or  aTcrage 


1 


I 


First 


I 


27 

14 
0 
3 
4 

4 

2 
2 
3 


4 
1 


1 
2 

2 

1 
1 


59  I  18 


I 


4 

7 


7 
5 

5 
2 
3 


TliiMdiMUlity  ended. 


Seoond 
week. 


i 


3 
3 
1 


&.1 


14 


I 


12 

12 
13 
13 


13 


9 


Third 


I 


12.2 


2 
2 


10 


19 

18 
17 


21 
15 


1&2 


Fourth 
itfeek. 


I 


I 


1     24 


2  I  23 


Fifth 
week. 


I 


2 

i 


24.4 


32 
30* 


31.3 


BttXh 


9 


•8 
48 


45 
42 


8L5 


I 


SLIPS. 


Hit  by  material  from  slips. . 
iDjnry  received  while  run> 

ning  away  from  slip 

Ftames  from  stove  or  boOer 

dofm  at  sltn  ^    ^ .  ...... 

12 
2 
2 

6 

1 
1 

5 

6 

4 

8 

11 

2 

19 

1 

70 

1 

1 

22 

... 

Total  or  average. 

Id 

8 

6 

3 

U 

2 

19 

1 

22 

1 

1 

70 

1 

'  r  ■ 

ASPHYXUTION. 


AtboQers 

11 
5 
2 
2 
1 

2 

1 

19 
16 

1 

25 

1 

56 

I 

At  mi  flflflrlnMt              .     .     

At  mi  waahflra 

At  nirnmHt  torw       

1 

20 

At  imide  stove. 

Total  or  average 

21 

12 

&4 

4 

1&5 

1 

25 

1 

56 

8 

HOT  FLUE  DUST. 


Stepping  into  hot  flue  dust . . 
mng  or  fiaUng  hot  fine 

Unloadinff  cars. ......... 

6 

7 
4 
6 
3 
3 
2 

1 

4 
2 
1 

11 

10 
12 

14 

2 

18 

2 

32 

1 

2 

1 
1 

38 

46 
57 
60 

1 
1 
2 

2 

7 

4 

BAllm 

(l^m  mAffui  nr  iitAVMi 

1 

21 

i 

1 

28 
25 

Chutes 

2     12 

Flue-dust  plant 

Putting  water  on 

1 

4 

1 
1 

10 
14 

1 

16 

1 

56 

""\ 

Total  or  averege 

31 

5 

4.2 

12 

11.3 

4 

18.3 

2 

26.5 

2 

32 

6 

sas 

■  ••  m 
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Tabue  2. — Data  regarding  duration  of  injuries. 


CMue  of  li^Jury. 


HttBdlftbor 

Hftnd  tools 

Falling  or  flying  matertel... 

Falls  of  peraon 

BunM  from  hot  metal 

Cranes,  hoists,  or  rigging. . . 

Railroads 

Uachlnes  or  maohinwy 

Flames  or  ezplosires 

Burns  from  cinder 

Illness  (including  infection) 

Electric  macbinny 

Hot  water  or  steam 

SUps 

Asphyxiation 

Hot  flue  dust 


Percentage 
of  injuries 

that 
terminated 

after 


time  lost 

from 

iQjurieB 


24.1 
3&4 
30.9 
46l8 

4xa 

47.3 
44.8 
4912 
34.1 
57.1 
37.5 
SS.7 
44.1 
3L2 
98l5 
4&1 


disal 
of  more 
than  two 


Duf». 


3Ql9 

31.4 

3L8- 

51.9 

20. 9 

31.3 

3B.9 

27.3 

S&5 

4a4 

20l3 
423 
31.9 
32.5 

2Sl8 
87.1 


Table  3. — Summary  of  data  regarding  causes  of  accidents  and  duration  of 

injuries. 


0 

245 
184 
168 
154 
101 

Time  disabmty  ended. 

Oanse  of  accident. 

First 
week. 

Second 
week. 

Third 
we^ 

Fourth 
week. 

Fifth 
week.  ' 

Sixth 
week. 

■ 

HI 
80 
78 
53 
41 

1 

1 

IB 
48 
38 
32 

1 

• 

3a 

18 
22 
14 
14 
11 

7 
10 
IS 

3 

2 

1 

1 

11 

12 

6 

U 

|- 

• 

1 

Z 

9 
8 

8 
15 

7 
13 

1 
3 
1 
3 

6 
2 
2 
2 

. .  •  • 

ft 

& 

1 

6 

16 

11 

35 

10 

15 

11 

9 

6 

6 

•J 

"1 

6 
1 

1 

1 

Hand  labor 

4.4 

5.0 
4.6 
4.6 

ia4 
11.1 

12.0 

lao 

11.8 
11.7 
12.9 
12.2 
10.4 
12.1 
9.3 
10.8 
11.4 
11.3 

18.1 
17.7 
17.8 
18.5 
18.0 
19.7 
19.6 
18.2 
19.4 
18.3 
17.7 
18.7 
19.0 
18.3 
18.5 
19.0 

26.1 
24.7 
26.8 
26.7 
25.6 
26.5 
26.3 
24.4 
25.7 
28.0 

32.8 
32.7 
32.3 
32.1 
3L6 
32.8 

3ao 

31.3 
31.0 
33.0 
33.6 

3a6 
8ao 

32.0 

63.1 

Hand  tools 

51.4  '     3 

Falling  or  flying  material. . . . 
Falls  Of  person 

68.5!     * 
68.8       8 

Hot  metal 

4.4     18 

OlJL '  i« « - > 

Cranes,  hoists,  or  rigging 

RAjircMw 

98  '  33 
68     23 
59     18 
57     14 

41  ''  11 

42  '  11 
40  1  10 

6.2 
4.9 
5.1 
4.6 
5.5 
5.5 
4.7 
4.2 
4.2 
5.4 
5.0 
2.0 
6.0 

16 
14 
14 
15 
16 
7 
IS 
12 
12 

66.3       1 
6ai       9 

Hot  water  or  steam 

51.5   .... 

liachines  or  machinery 

Flames  or  explosives 

Bums  from  cinder 

4&0  .... 
57.6       i 

m9      1 

Illness  (infection) 

23.0 
28.0 
26.5 
25.0 
22.0 

30.5  — 

Electric  macdiinery. 

38 
31 
21 
16 
3 
6 

17 
5 

12 
8 
2 
9 

1310       1 

Hot  flue  dust 

sas  ..-• 

56.0       3 

Slips 

3 

1 
2 

11.0 

8.0 

11.0 

7ao 

1 

Fiinitlwf  or  nl&vinf 

M  jflnAiitvneous 

1 

28.0 

.. 

Total  or  average 

1,372  530 

4.7 

338 

11.1 

177 

1&3 

79 

25.7 

80 

32.3 

135 

60.9 

33 

Proportion  of  nonfatal  Injuries  after  second  week,  per  cent 35. 1 

Duration  of  injuries  terminating  after  second  week,  days,.    „.      31 1 


AOCIDEKTS  IK  PENK8YLVAKU  IN  1015. 


117 


Table  4. — Summary  of  data  regarding  location  of  aocidentt. 


Csuse  of  Aocldent. 


Locsflon  of  aoddtikt 


Car  dninpor  or  ore  bridge . 

Ti«Ue  or  on  y»rd 

Stock  boiBO 

Bcfiib  csr,  skip,  or  hobt. . . 

Fomaoe  top  or  stack 

Bknrpipe,  taytee,  bosh,  or 

bosUempe 

Toppiiig   Dolo  or  cinder 

noidi 

Bonnarorbed.. 

Elsewhere  in  cast  house. . . , 
Pig  m»^%wtA  or  ladle  bow-e 
Sa^  or  flue  dust  disposal . 

Qas-main  system 

PlC  iron  or  other  storage . . 

Stoves 

BoOers 

EngiDe  rooms 

Shops 

Yarts... 

Tracks 

Pavements  or  sewers 

Mtaoellaneous 

Total 


PLACnra  of  bespohsibiutt  fob  accidehts. 

DIFFICT7LTIES  INVOLVED. 

The  classification  of  accidents  according  to  responsibility  is  un- 
satisfactory. An  absolutely  correct  analysis  of  the  many  factors  and 
circumstances  involved  is  impossible,  because  complete  details  of 
most  accidents  are  lacking  and  because  the  placing  of  responsibility 
must  largely  depend  upon  the  decision  of  the  compiler  as  to  assump- 
tions as  to  fact  and  as  to  other  details.  An  example  may  illustrate 
the  difficulties.  In  one  plant  a  man  fell  from  the  cast-house  roof. 
He  may  have  been  provided  with  belt  and  line  and  ordered  to  use  them, 
but  because  of  some  feeling  of  bravado  may  have  neglected  to  do  so. 
Conversely,  no  safeguard  may  have  been  provided.  Assuming  that 
safeguards  were  available,  the  question  remains  as  to  whether  the 
foreman  gave  the  employee  sufficient  and  mandatory  instructions^ 
and,  finally,  the  question  remains  as  to  the  length  to  which  foremen 
and  superintendents  must  go.  Can  a  foreman  relieve  himself  of 
responsibility  for  injury  to  his  men  by  giving  them  clear  and  definite 
instructions  and  by  providing  safeguards,  or  is  he  under  obligation 
to  follow  each  man  to  his  place  of  work  and  personally  see  that  the 
man  continually  uses  the  safeguards  or  does  his  work  according  to 
instructions?  The  cause  of  this  accident  could  possibly  be  placed 
under  any  one  of  five  different  heads,  as  follows:  Lack  of  guards, 
nonuse  of  guards,  insufficient  instructions,  lack  of  supervision,  or 
acting  against  rule;  or,  broadly,  it  might  be  classified  under  one  of 
two  heads — fault  of  workman  or  fault  of  employer. 

At  another  plant  a  man  was  overcome  with  gas  while  changing  a 
gas  burner.  The  accident  might  be  attributed  to  carelessness  or  want 
of  skill  in  staying  in  the  gas  too  long,  to  acting  against  a  rule,  to 
nonuse  of  safeguards — that  is,  breathing  apparatus — to  lack  of  safe- 
guards (breathing  apparatus),  or  to  deficient  plant  equipment,  such 
as  lack  of  valve  with  which  to  turn  off  gas  from  the  burner.  At 
several  plants  men  were  severely  injured  in  opening  car  doors  with 
car  wrenches.  Such  an  accident  might  be  classified  under  lack  of 
guards,  lack  of  skill,  or  hazard  of  the  work.  Lack  of  guards  implies 
that  some  type  of  safety  car  wrench  should  have  been  employed,  but 
similar  accidents  have  occurred  even  with  safety  wrenches.  Lack  of 
skill  implies  that  the  employee  did  not  have  the  ability  to  know  by 
inspection  the  load  on  the  winding  stem  and  the  car  door,  which  is 
lis 
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an  mureasonable  requirement,  but  employers  have  heretofore  claimed 
that  such  accidents  should  be  attributed  to  lack  of  skill. 

Another  example  is  injuries  that  are  caused  by  explosions  of 
pockets  of  hot  metal  when  the  iron  trough  is  chilled  with  water 
after  a  cast.  Hazard  of  the  work,  carelessness,  acting  against  rule, 
nonuse  of  safeguards,  lack  of  safeguards,  insufficient  instructions, 
and  lack  of  supervision  are  possible  classifications  for  such  injuries 

CLASSIPICATION  OF  BLAST-FTTHNACE  ACCIDENTS  ACCOBDING  TO 

BESFOKSIBILITT. 

A  classification  of  the  causes  of  accidents  that  has  proved  suffi- 
ciently comprehensive  and  is  believed  to  be  reasonably  accurate 

follows: 

CUusification  of  blasi-fumace  (Occidents  Bhowing  assignment  of  responsibility, 

Cauae  of  accidents.  Percent. 

1.  Hazard  of  work  and  inevitable  risk 29.8 

2.  Carelessness  or  lack  of  skiU , 14. 2 

3.  Acting  agalDSt  rules 3.6 

4.  Nonuse  of  safeguards  provided *_ 1.4 

5.  Lack  of  safeguards _" . 6.6 

S.  Insufficient  instructions 2.1 

7.  Insufficient  supervision 2.1 

8.  Deficient  plant  arrangement  and  equipment 7. 0 

9.  Fault  of  fellow  workman 2.7 

10.  Miscellaneous  and  accidents  whose  cause  was  not  disclosed 31. 6 

The  percentages  are  given  with  the  reservation  that  the  large 
number  unclassified,  if  they  could  be  properly  placed,  would  change 
some  of  the  totals  materially.  Most  of  the  unclassified  accidents 
would  fall  either  in  class  1  or  class  2.  It  is  not  considered  logical, 
on  the  basis  of  indefinite  data,  arbitrarily  to  charge  the  industry 
with  a  great  hazard  nor  the  workman  with  an  undue  lack  of  skill 
or  care.  The  remaining  totals  would  be  little  changed.  If  similar 
causes  be  grouped,  the  classification  would  be  as  follows : 

Hazard  of  industry 29.8 

Fault  of  workman 21.8 

Fault  of  employer Id.  8 

MisceUaneous .  31.6 

100.0 
This  classification  differs  radically  from  classificati(ms  in  which 
45  to  85  per  cent  of  the  injuries  are  attributed  to  the  fault  of  the 
workman.  In  regard  to  ^^  hazard  of  the  industry,"  or,  in  other  words, 
the  inevitable  risk,  it  may  be  stated  that  this  term  is  elastic,  and 
its  application  to  accidents  at  different  plants  shows  the  present 
state  of  plant  conditions,  equipment,  and  efforts  to  prevent  accidents 
as  the  term  is  regarded  differently  at  different  plants.    Many  hand* 
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labor  and  hand-tool  accidents  may  be  assigned  to  this  class  instead 
of  to  lack  of  skill  or  carelessness.  The  handling  of  material  or 
the  use  of  hand  tools  calls  for  the  assumption  of  more  or  less  risk, 
owing  to  the  fact  that  men  can  not  attain  a  machinelike  precision. 
At  the  same  time  most  of  such  accidents  are  directly  caused  by 
clumsiness  and  lack  of  skill,  and  consequently  their  number  can  be 
lessened,  and  some  of  them  are,  therefore,  not  to  be  attributed  to 
inevitable  risk. 

"  Lack  of  skill "  and  "  carelessness  "  are  grouped  together  because 
distinction  would  be  difficult  as  regards  accidents  not  witnessed  or 
described  fully.  Under  this  heading  are  necessarily  included  such 
causes  as  ignorance  and  imprudence,  inefficiency  and  inattention,  and 
praiseworthy  and  foolhardy  efforts. 

"Acting  against  rules,"  "  insufficient  instructions,"  "  nonuse  of 
guards,"  and  "  insufficient  supervision "  are  closely  related.  "  Rules" 
about  a  furnace  plant  could  be  multiplied  to  fill  a  volume.  However, 
they  largely  cover  certain  well-understood  practices,  departure  from 
which  invites  accident.  Infraction  of  rules  is  relatively  rare,  and  is 
responsible  for  few  accidents.  Accident-prevention  efforts  have  in- 
troduced new  rules,  novel  to  a  considerable  proportion  of  the  force, 
relating  to  the  use  of  goggles,  safety  belts  and  lines,  condition  of 
tools,  construction  and  use  of  scaffolds,  ladders,  and  rigging  tackle, 
use  of  safeguards,  handling  of  electrical  appliances,  etc.  Some  of  the 
rules  and  safeguards  undoubtedly  have  been  formulated  and  designed 
more  as  a  result  of  enthusiasm  than  of  specific  knowledge.  Some 
have  not  been  adapted  to  actual  furnace  conditions^  and  have  inter- 
fered with  production,  and  the  men,  therefore,  have  not  complied 
with  them,  nor  have  the  foremen  required  compliance.  A  feeling 
that  little  work  worth  while  can  be  done  without  exposure  to  danger, 
and  familiarity  with  and  contempt  for  danger  has  led  to  disregard 
of  other  rules,  and  resulting  accidents  have  been  placed  under  "  act- 
ing against  rules."  To  what  extent  this  cause  is  augmented  by  the 
tacit  acquiescence  of  foremen  is  problematical,  but  there  are  suffi- 
cient data  to  indicate  that  it  is  an  appreciable  factor.  Accidents^in 
which  that  factor  appears  are  included  under  "  insufficient  instruc- 
tions" and  "insufficient  supervision,"  which  include  accidents  in 
which  men  are  palpably  ignorant  of  obscure  hazards  or  are  assigned 
to  especially  hazardous  jobs  without  the  supervision  or  assistance  of 
a  foreman,  subforeman,  or  capable  helper.  Most  men  resent  con- 
tinued supervision,  suggestions,  and  instructi<ms ;  they  prefer  to  work 
in  their  own  way.  Further,  it  is  literally  impossible  for  a  foreman  to 
personally  supervise  every  man's  work.  Also,  it  may  be  questioned 
whether  initiative  and  resourcefulness  are  not  stifled  vrhen  supervi- 
sion is  extended  too  widely.  The  other  extreme  is  represented  when 
an  injury  occurs  from  lack  of  supervision  or  instructions,  and  such 
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injuries  are  sufficiently  in  evidence  to  indicate  that  instruction  of  men 
and  supervision  of  unusual  or  extrahazardous  work  should  be  in- 
creased in  some  plants. 

"Lack  of  safeguards  "  and  ^'  deficient  plant  arrangement  and  equip- 
ment" together  cause  12.6  per  cent  of  blast-furnace  accidents.  In 
regard  to  safeguards  few  furnace  plant  managements  fail  to  use 
safeguards  on  account  of  their  cost.  However,  ot  several  plants 
there  is  a  pronounced  disposition  to  reject  some  safeguards  in  the 
belief  that  their  use  is  unreasonable,  that  they  are  impracticable  or 
inefficient,  that  they  will  interfere  with  the  work,  or  that  the  risks 
involved  are  only  seeming,  not  real.  In  the  figures  given,  "lack 
of  safeguards  "  covers  accidents  that  would  be  prevented  if  guards 
in  use  at  some  plants  were  used.  "  Deficient  plant  arrangement  and 
equipment "  covers  many  accidents  that  might  be  charged  to  the  in- 
evitable risk  of  work  at  some  plants.  Practically  every  plant  has 
some  characteristic  handicap  in  layout,  design,  or  equipment  to  which 
is  ascribed  deficiencies  in  output,  fuel  economy,  or  "  cost  above."  To 
corresponding  plant  conditions  a  certain  percentage  of  accidents  is 
dne,  and  although  such  accidents  are  not,  strictly  speaking,  the  fault 
of  the  employer,  the  responsibility  for  the  condition  is  his.  Such  a 
condition  is,  as  a  rule,  a  heritage  from  former  days  and  tends  to 
be  eliminated  by  the  demand  for  operating  economies. 

CHASACTES  ABD  VALTJE  OF  FBINCIFAL  BLAST-FUBNACE 

SAFEGUAEBS. 

The  efficiency  of  safeguards  in  preventing  accidents  about  a  blast- 
furnace plant  is  not  questioned,  so  far  as  is  known,  by  operating  men. 
However,  the  use  of  a  guard  often  involves  extra  work  in  placing 
and  removal,  or  in  handling  during  a  job,  with  no  resultant  gain 
in  production.  In  contrast  are  certain  safeguarding  appliances  em- 
ployed in"  steel  mills,  or  for  wire-drawing  benches  and  many  kinds 
of  machines.  The  device  so  used  is  a  permanent  and  integral  part  of 
the  machine  itself  and  frequently  results  in  an  augmented  produc- 
tion or  efficiency. 

Although  many  safeguards  may  not  pay  in  direct  financial  return 
by  preventing  all  of  the  infrequent  accidents  for  the  prevention 
of  which  they  are  designed,  it  is  established  that  most  safeguards 
do  pay  when  supplemented  by  other  accident-prevention  methods. 
The  safeguards  furnish  evidence  of  the  earnestness  of  the  company 
to  lessen  the  hazards  and  emphasize  its  efforts  to  procure  the  coop- 
eration of  the  force  in  reducing  accidents.  Thus  it  can  be  said  that 
the  installation  of  a  safeguard  is  rarely  lost  effort. 
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A  list  of  safeguards  employed  at  various  plants  follows: 

List  of  blast-furnace  safeguards. 

Cab-Dumpeb  Safbouabds. 

Lights  at  approach  and  discharge.* 
Fenders  on  truclc  wheels. 
Inclosed  cradle  counterweights. 
Steps  to  operator  and  motor  house. 

Electric  trolley  or  "  third  rail  '*  elevated  8  to  12  feet  above  yard  level  or  in- 
closed in  underground  conductors. 
Overtravel  device  for  cradla 

Permanent  railed  platform  about  hopper  of  stationary  car  dumper. 
Gong  to  notify  operator  when  men  are  off  from  cradle. 

Saivqttabdb  fob  Labbt  oiB  Tbansfkr  Cab. 

Senders  of  the  trolley-car  type. 
Air  whistle  or  hand  horn. 
Headlights. 
Air  brakes. 

Ore-Bridge  Safeguabds. 

Truck-wheel  fenders  and  guards. 
Inclosed  gears  on  drive  and  transmission. 
Caged  ladders  up  gantry  legs. 
Fireproof  operator*s  cage. 
Steps  to  platform  of  operator's  cage. 

Floor  of  cage  extended  to  form  landing  platform  and  railing  around  plat- 
form. 
Automatic  warning  bells. 
Bumpers  at  ends  of  rail  girders. 
Rail  clamps  beneath  trucks. 

Footwalk  with  double  railing  entire  length  of  bridge  and  across  ends. 
Main-line  switch  outside  of  cage  and  at  each  end  of  bridge  at  the  trucks. 
Trolley  or  third  rail  elevated  or  placed  outside  trestle  work. 

Trestle  Safeguards. 

Railed  walks  with  outside  edge  6  feet  firom  rail  and  inside  edge  directly  be^ 
neath  car  frame. 

Crossovers  from  each  bin  to  enable  men  to  get  to  opposite  side  without  Jumping. 

Gratings,  cable,  and  pipe  over  bins  between  track  girders.  Also  similar  cover 
between  walk  and  track  girders. 

Use  of  safety  belt  and  line  in  entering  bins  and  in  unloading  cars. 

Use  of  pinch  bars,  each  with  disk  on  handle  and  tool-steel  insert  in  heeL 

Use  of  safety  wrenches  of  various  types. 

Use  of  magnet  to  unload  heavy  scrap. 

STOCK-HOTTSE    SAnSGUASDS. 

Platform  for  barring  ore  from  chutes. 

Chutes  provided  with  auxiliary  heavy  sluice  gates  to  cut  off  flow  of  material. 
Arrangement  of  levers  and  cables  for  operating  chutes  so  that  operator  is 
eat  of  reach  of  falling  or  flying  stock. 
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Bfn  door  or  chute  mechanigm  guarded  and  provided  with  oUlng  platform. 

Quick-stopping  device  for  driving  Rhafts. 

Fenders,  air  brakes,  and  gongs  or  air  whistles  for  scale  cars. 

Overhead  trolley  for  scale  cars. 

Ample  clearance  for  men  on  side  of  scale  car  or  recesses  in  walls  at  tnterrals. 

Railing  between  scale<»r  track  and  entrance  to  stock  house. 

Passageway  from  beneath  chutes  and  outside  of  tracks. 

Warning  sign  placed  at  empty  bins  about  to  be  filled. 

Knuckle  guards  on  barrow  handles. 

Arrestor  rail  about  skip  pit  to  prevent  hand  barrows  from  falling  into  pit 

Steps  or  ladder  to  bottom  of  skip  pit. 

Clearance  about  skip  car  at  sides  and  bottom  of  pit. 

HoisT-HousE  AND  Skip-Incline  Safeguabds. 

Locked  doors  at  entrance. 

Inclosing  entire  drum  with  removable  wire-netting  guards. 

Railings  about  drum  and  motor  or  engine. 

Hoisting  cable  run  through  chute  to  roof  opening. 

Connecting  rods  and  cranks  guarded. 

Gears  and  screws  on  overtravel  devices  guarded. 

Overspeed  and  slack-cable  devices  on  hoist  motors. 

Locks  for  throttles  and  switches  of  hoist  engine  and  motors. 

Standard  guarded  switch  boards. 

Skip  track  equipped  with  shield  at  point  7  to  10  feet  from  stock  house  and 
yard  level  to  prevent  men  from  putting  hands  on  rail. 

Skip  track  equipped  with  shield  on  underside  from  top  of  furnace. 

Overtravel  device  at  top  of  skip  tracks. 

Safety  clamp  on  cages  thrown  on  by  spring. 

Sides  of  cage  inclosed  with  sheet  iron  or  small -mesh  woven  wire. 

Cover  over  top  of  cage. 

Gates  at  both  top  and  bottom  landings  automatically  operated  by  travel  of 
cage. 

Providing  top  platform  ^ith  safety  catches  that  secure  cage  at  top. 

Platform  at  sheave  wheels. 

Safeguards  in  Connection  With  Indicating  Devices. 

Signal  to  cast  house  or  blower's  office  to  Inform  of  furnace  hanging. 
Speaking  tube  or  telephone  to  furnace  top. 
Locks  for  bell  and  skip  operating  levers. 

Safeguabds  for  Furnace  Top. 

Shanty  for  top  fillers,  located  behind  or  at  side  of  hoist,  with  window  open- 
ing away  from  furnace. 

Rail  about  hopper  to  catch  barrows. 

Railed  platform  at  top  of  receiving  hopper. 

Guards  about  distributor  mechanism. 

Permanent  steps  or  caged  ladders  to  sheave- wheel  and  other  platforms. 

More  than  one  means  of  approach  to  furnace  top. 

Means  of  plugging  rodding  hole  when  working  on  top. 

Stretcher  to  lower  men  from  top  where  descent  is  difficult. 

Telephone,  speaking  tuba»  or  electric-gong  signal  from  top  to  stock  house  or 
cast  house. 

Steam  connection  to  gas  seal  over  big  beU. 

79704'--17--BuU.  140 9 
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Platforms  conEiectIng  explosion  docvs,  bleeder  yalves,  and  oatriggers. 

Bolting  or  chaining  a  number  of  explosion  doors  to  limit  their  opening,  or 
placing  shields  in  front  of  doors. 

Use  of  bleeder  valves  or  explosion  valves  tliat  allow  only  fine  ore  and  gas 
to  escape. 

Elimination  of  "  bracket  and  plate  "  top  construction. 

Elimination  of  roddlng  of  furnace  from  t<^. 

House  or  shelter  on  top  to  protect  men  from  slips. 

Fubnace-Stack  Safbguabds. 

Railed  platform  about  shell  to  facilitate  use  of  sprays  for  hot  spots. 

Shells  double  and  triple  riveted  and  with  butt  straps  and  of  thickness  up  to 
li  inches. 

Ck)rrugated-iron  or  steel  wearing  plates  in  place  of,  or  in  front  of,  brickwork 
«at  stock  line,  eliminating  repairs  during  blast. 

Permanent  railed  platforms  about  stack  to  allow  access  to  cooling  plates. 

Steps  or  caged  ladders  to  stack  platforms  equipped  with  a  wamine  device  to 
be  operated  when  st^w  or  ladders  are  In  use. 

Railed  platforms  on  bustle  pipes. 

Bosh  bands  If  inches  thick. 

Bosh  plates  anchored  in  boxes. 

Tuyere  breast  armored  with  1-inch  steel  plate  or  cast-steel  Jacket 

Strong  bridle  posts,  rods,  and  springs. 

Auxiliary  bridle  rods. 

Elimination  of  pivoted  counterweighted  eyesights. 

Elimination  of  spray  cooling  of  hearth  jacket 

Elimination  of  ditch  about  hearth  Jacket. 

Hearth  Jackets  to  extend  4^  to  5  feet  below  iron  notch. 

Strong  hearth  jacket  up  to  6  inches  thick,  and  strong  bands  up  to  2  Inches 
thick. 

Adequate  tying  in  of  hearth-bottom  brickwork. 

Two  cUider  notches. 

Water-deflecting  shields  over  skimmer  trough  and  cinder-notch  runner  hunj; 
from  bustle  pipe. 

Oast-Hot7se  Safeguards. 

Railed  sides  and  railed  or  grated  casting  holes. 

Runways  at  exits  of  cast  houses. 

Steel  plate  A  to  i  inch  thick  on  roofs  with  steep  slope. 

Ventilator  about  stack. 

Short  runners  and  railings  along  runners. 

Bridges  over  runners. 

Shutters  operated  from  a  safe  distance  by  cables,  steam  cylinders,  or  counter- 
weights. 

Shields  at  hand-operated  shutters. 

Footpleces  on  shutters. 

Shields  over  or  below  skimmer  to  prevent  coke  and  slag  from  blowing  down 
into  cast  house. 

Shields  at  punch  out  and  monkey  skimmer. 

Raising  of  punch-out  gate  and  splasher  from  safe  distance  by  cables. 

Long  pipe  for  Iron-chilling  trough. 

Electric  drills  for  opening  tapping  holes. 
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Shields  for  use  in  drilling  or  driving  bars  at  tapping  holes. 

Automatic  mud  gans. 

Fumels  on  day  cylinder  and  shield  on  nose  of  hand-operated  gansL 

Steam  exhaust  turned  up  and  away  from  rear  of  gun. 

Automatic  cinder-notch  bots. 

Adjustable  shields  for  hand  hotting. 

Checkered  floor  plates. 

Auxiliary  signal  to  blowing  room. 

Protection  plate  in  front  of  snort^valve  lever. 

Relay  system  by  which  signal  to  blowing  room  sounds  '*  buzzer  **  at  skip  and 
bell  operator's  station. 

System  of  red  and  white  electric-light  signals  by  which  the  hanging  and 
slipping  of  the  furnace-can  be  signaled  from  stock  house  to  cast  house,  or  reversa 

Signal  to  boiler  house  from  cast  house. 

Signal  to  gas  washer  from  cast  house. 

Warning  whistle,  lights,  or  signs  for  slips,  op«*ated  from  cast  house. 

Catch  basin  for  iron  in  runners  leading  to  ladles  and  granulating  pit 

Oxygen  burner  for  hard  or  ironed  tapping  holes. 

Means  of  holding  "Welshman"  when  bar  is  backed  from  tapping  pole,  so  that 
DO  one  is  exposed  to  bums  from  flying  iron. 

Means  of  holding  bar  being  driven  into  tapping  hole  to  ke^  men  out  of  range 
of  misdirected  stroke  of  sledga 

Water-supply  pipe  for  cinder-notch  coolers  extending  one-third  or  one-half 
around  furnace  before  rising  to  circle  water-supply  pipe. 

Elimination  of  cooling  plates  or  boxes  about  sides  of  tapping  hole. 

Steep  slope  of  skinomer  iron  trough. 

.Goggles,  masks,  leggings,  box-toe  shoes,  and  safety  or  gauntlet  gloves  provided 
at  cost 

SAnSGUABDS  IN  CONNECTION  WlTH  IBON   DISPOSAL. 

Heavy  bottoms  in  iron  ladles  and  ladles  equipped  with  devices  for  keeping 
them  upright  on  frames  or  cars.  Automatic  couplers  and  safety  chains.  Steel 
UDderframes  between  trucks. 

« 

Each  dumping  crane  or  winch  equipped  with  cable  attached  to  hook  fltted 
with  hand  hold,  Instead  of  chain  and  common  hook. 

Pourer  at  pig  machine  protected  from  splashes. 

Trough  men  furnished  with  masks  or  goggles,  and  shields  placed  at  end  of 
spout  over  mold,  or  shields  behind  which  men  may  work. 

Walks  over  strands  and  runners  and  between  strands  from  front  to  back. 

Automatic  knockers  at  discharge  end  of  mold. 

Shields  of  wire  mesh  at  end  of  chain,  also  along  car  track  opposite  chutes. 

Railings  along  columns  of  pig  machine,  except  at  passageway,  which  should 
be  covered  with  plate  shield. 

Steam  valves  for  lime  sprags  placed  out  of  path  of  molds. 

Lime  run  into  lime  vats  by  spouts  from  mixing  tanks. 

Standard  guards  for  engine  or  motor,  guns,  chains,  and  transmission  equip- 
ment 

Quenching  pits  with  heavy  brick  walls  or  steel-plate  shields,  behind  which 
men  work. 

Iron  chills  or  depressions  in  yard  into  which  ladle  cleanings  are  dumped,  and 
shields  behind  which  men  can  worlc 

Ladle  pits  in  floor  of  ladle  house,  provided  with  coping  walls. 

Part  of  ladle  house  in  which  skulls  or  scrap  is  broken  to  be  Inclosed  for 
protection  of  man  dropping  ball. 
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QUABDS  BOB  OaB-MAIN  STSTSM. 

Elimination  of  oonntarweighted  erplosiim  doors  on  downcomer,  dost  catcher, 
and  mains. 

Inclosure  for  base  of  dust  catcher.  • 

Operating  device  for  bell  lever  on  dust  catcher  that  permits  dumping  by  man 
standing  a  safe  distance  away. 

Clamp  to  hold  dust-catcher  bell  lever  tight  in  shut  position. 

Provision  of  large  (4-incb)  sprinlilers  to  wet  dust  thorouglily  as  it  is  dumped 
into  car. 

Steam  inlet  to  dust  catchers. 

Water  seals  in  conjunction  with  valve  mechanism  at  gas  main  offtake  from 
dust  catcher  to  prevent  explosions  or  asiritiyzia. 

Bleeder  device  at  dead  end  of  gas  main. 

Downlegs  from  gas  main  brought  low  to  prevent  flying  of  dust 

Clamping  of  bells  on  downlegs,  and  cables  to  agen  bells  from  safe  distance. 

Manholes  of  adequate  slse. 

Close  spacing  of  manholes. 

Railings  and  platforms  along  tops  of  gas  mains,  with  permanent  ladd^ 
approaches. 

Water-seal  valves  at  points  where  parts  of  the  system  are  to  be  isolated,  with 
damps  for  the  bells. 

Frequent  downlegs,  V  pockets,  or  waaliing  faculties,  requiring  less  frequent 
work  inside  mains. 

Pressure  gage,  reading  in  inches  of  water,  to  indicate  pressure  of  gas  in  mains. 

Saxvquabds  at  Gas  Wasbsbs. 

I 

Steps  to  top  and  to  cleaning  doors,  side  sprays,  or  water  inlets. 

Water-seal  and  mechanical  valves  on  the  inlet  side,  and  water-seal  valves  on 
the  discharge  side. 

Adequate  ventilation  by  fans  or  exhausters  when  men  are  cleaning  inside. 

Rotary  washer  outside  of  building. 

Fans  for  ventilating  scrubber  or  gas-cleaning  buildings. 

System  for  controlling  from  gas  house  gas  sent  to  engines  and  stoves. 

Signals  to  boiler  and  engine  operators. 

Means  of  stopping  ignition  of  engine  in  emergency. 

Hourly  registration  by  operator  of  cleaning  house  or  inieq[»ection  by  watctmian 
to  determine  operator's  safety. 

Automatic  signal  to  warn  operator  of  low-gas  pressure. 

BOILEB-HOUSE  SAFBQUABDS. 

Provision  for  securely  stopping  gas  from  leakage  past  valve  through  bumo* 
into  boiler  when  shut  off  for  cleaning. 

Blanking  or  locking  of  boiler  blow-off  valves. 

Gage-glass  shields  that  can  be  rotated  when  the  glass  is  being  changed. 

Inward-opening  firing  doors. 

Escape  pipes  from  pop  safety  valves. 

Best  wire-wound  steam  hose  for  blowing  tubes. 

Nonreturn  valves  on  steam  nozzle. 

Gas  mains  placed  outside  boiler  house. 

Permanent  railed  platforms  from  boiler  to  boiler,  and  for  water  tender,  or 
permanent  ladders  for  use  when  gage  glasses  are  changed. 

Permanent  platforms  with  ladder  or  other  approach  at  frequently  used  valves. 

Perman«[it  platforms  for  tube  blowers. 


CfHARACTBB  AND  VALUB  OF  SAFEQUABDS.  127 

SAwaaVAmm  vob  Stoves. 

Platforms  at  cleaning  doors  provided  with  means  of  approach  that  obviates 
climbing  over  top  of  railings. 
Steps  to  top  provided  with  frequent  landings,  with  danger  sign  at  bottom. 
Locks  for  gas  burner,  hot-blast  valve,  cold-blast  valve,  and  chimney  valve. 
Provision  for  preventing  leakage  of  gas  from  burner  into  stove. 
Means  of  turning  gas  into  stove  without  man  standing  too  close  to  door. 
Blow-off  valve  muflSed  or  provided  with  a  16-foot  vertical  extension  pipe. 
Hot-blast  valve  count^^eights  guarded. 
Permanent  platforms  at  hot-blast  valve  seat  and  valve  chamber  head. 

Blast-Main  Safsouabds. 

Platform  at  gas-relief  valve  on  hot-blast  main.  Ventilator  over  valve  if 
Inside  cast  house. 

Check  valve  in  mixer  pipe. 

Butterfly  valve  in  cold-blast  main  on  furnace  side  of  snort  valve. 

Oil  drain  from  cold-blast  line  at  stoves. 

Two  spring*loaded  blast-relief  valves  on  cold-blast  line,  adjusted  to  blow  off 
at  any  desired  pressure. 

Steam  connection  to  cold-blast  line  at  engine  room. 

Oil  drain  from  cold-blast  line  at  engine  room. 

Means  of  opening  snort  valve  from  outside  of  cast  house. 

Muffler  on  mort  valve. 

EnoiMS-RooH  Safbouabds. 

A  whistle  of  distinct  and  different  sound  for  each  furnace  blown  from  the 
same  room,  and  a  number  corresponding  to  the  furnace  displayed  simultaneously 
with  the  sounding  of  the  whistle. 

Device  to  prevent  engines  from  turning  over  backward  owing  to  pressure  of 
blast. 

Gaarding  of  fly-ball  governors,  rocker  anx^  connecting  and  tail  rods,  cranks, 
and  air-inlet  valves. 

Gaarding  of  flywheels  with  5-foot  wire  fencing,  carried  over  the  bearings. 

Three-rope  drive  of  governor. 

Emergency  stop. 

Relief  valve  at  each  end  of  air  tub. 

Automatic  oiling  system. 

Checkered  platforms,  with  standard  railings  and  nonslip  safety  treads  on 
the  steiw  from  gallery  to  gallery  of  engines. 

Air  intake  from  outside  or  guarded  with  wire  netting. 

Blocking  for  cylinder  and  flywheels. 

Oxygen  breathing  apparatus  at  gas-engine  rooms. 

Forced  ventilation  of  gas-engine  basement. 

SAnBGUABDS  IIV  CONNECTION   WITH   SLAG   DISPOSAL^ 

Valve  for  granulating-pit  sprays  placed  at  safe  distance  from  runners  and 
pits. 

Tracks  for  cinder  ladles  covered  at  cast  house. 

Steam  or  air  dumping  of  cinder  ladle  at  dump.  Devices  on  cinder  ladles  to 
prevent  overturning  in  transit  or  loading. 

Means  of  extinguishing  burning  clothing  at  cinder  dUmp. 

Cab  on  cinder  crane  so  placed  that  it  does  not  come  over  pit  during  travti 
of  crane; 

Prevention  of  steam  f^om  granulating  pit  from  getting  into  cast  house. 
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SAnxHTAne  bob  Laddbrs. 

Keeping  portable  ladders  at  storeroom,  numb^ing  than,  and  issning  them 
upon  a  return  requisition. 

Equipping  portable  ladders  with  metal  spurs  at  the  bottom  and  hooks  at  the 
top. 

Keeping  rungs  of  permanent  ladder  at  least  8  inches  from  walls,  oolumns,  or 
*  stacks. 

Providing  cages  for  all  permanent  ladders  more  than  18  feet  high. 

Sazeguardb  ix>B  Scaffolds. 

Removal  of  every  piece  of  loose  lumber  from  about  plant 

Selecting  scaffold  lumber  as  lumber  is  shipped  into  plant,  testing  it  for 

strength,  marking  it,  and  setting  it  aside  for  scaflord  use  only. 
Placing  scaffold  lumber  in  store  yard  where  it  can  be  taken  out  and  used 

only  by  authorized  carpenters. 

Safeguards  for  Rigqinq  Material. 

Chains,  cable,  rope,  and  slings  given  out  only  by  tool  man  or  boss  rigger, 
who  has  tables  of  safe  working  loads. 

Inspection  of  material  by  boss  rigger  or  assistant  every  time  It  is  returned 

Destruction  of  defective  rigging  material  as  soon  as  dangerous  condition  is 
ascertained. 

Safety  belts  and  lines,  with  wrought-iron  snaps,  buckles,  and  rings. 

Safeguards  for  Yards  and  Tracks. 

Blimination  or  g^uardlng  of  all  holes  and  depressions,  close  clearances,  dan- 
gerous comers  and  doorways,  walks  and  paths  beneath  cranes^  aod  eaves  of 
roots  near  ladles  being  transported,  poured,  or  loaded.  ' 

Safety  Appliances. 

General  dispensary  for  first-aid  treatment. 

Stretchers  at  various  points  along  trestles  and  In  stock  house,  cast  house, 
boiler  and  blowing  room,  shops,  ladle  house,  and  around  pig  machine. 

Resuscitation  apparatus. 

One  or  more  half -hour  oxygen  breathing  apparatus. 

Regular  drill  in  first-aid  measures  and  use  of  breathing  apparatus,  stretchers, 
and  bandages. 

Miscellaneous  Safeguards. 

Handles  on  crane  hooks. 

Wearing  goggles  or  masks  in  handling  slag  and  metal. 

Boz-toe  shoes  for  men  handling  material. 

Portable  railings  for  manholes  and  trapdoors. 

Portable  runways,  cleated,  and  24  inches  wide,  In  place  of  miscellaneous 
plank.  ^ 

Metal  covers  on  all  ditches  and  sewers,  especially  hot-water  sewers. 

Portable  danger  signs  for  use  when  any  work  presents  danger  to  men  in  tbe 
vicinity,  or  for  temporarily  hazardous  furnace  or  other  conditions. 

The  foregoing  list  comprises  only  a  small  part  of  the  guards  used  at 
blast  furnaces.  Those  mentioned  are  omsidered  desirable  by  one  or 
more  organizations.  In  addition  to  these,  the  market  is  full  of 
guards  of  all  kinds  for  protecting  all  sorts  of  places  and  for  all  the 


A.    SAFETY  ENTRANCE  TO  BLAST-FURNACE  PI 


4  DANGEROUS  POSITION  ON  CAR.    IS  LIABLE  TO  BE  STRUCK  BY  MAGNET. 


A.    LOCOMOTIVE  CRANE.  SHOWING  GUARDS. 
<:  a,  ■wlnii'v  ■ngl..l.or.  bump..;  C.  (k»F  pl.m;  D,  thi.ld;   E 


RICnoN  PULLEYS  AND  GEARS  ON  ORE  POCKETS. 
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machinery  in  the  plant.  Money  may  be  spent  without  limit,  every 
recommendation  may  be  followed,  and  every  appliance  purchased, 
but  if  the  installation  of  these  appliances  is  not  accompanied  by  a 
realization  on  the  part  of  the  force  that  they  must  be  used,  their 
full  efficiency  is  not  realized.  Few  guards  or  safety  appliances  can 
be  made  foolproof.  To  insure  not  only  the  maximum  mechanical 
results  from  the  safeguard  but  also  the  full  benefit  of  the  investment 
in  the  way  of  decreased  accidents,  the  installation  of  safeguards  has 
to  be  made  the  basis  of  further  time  and  effort  in  educating  foremen 
and  men  to  think  about  personal  responsibility  and  personal  safety, 
in  emphasizing  the  close  relation  of  doing  work  efficiently  to  doing  it 
safely,  in  continuing  efforts  to  prevent  hazardous  work  being  done 
carelessly  or  routine  work  being  done  thoughtlessly,  and  in  encourag- 
ing the  cooperation  of  the  men  in  correcting  incorrect  or  dangerous 
practices,  improving  hazardous  conditions,  and  suggesting  plant 
betterments.  The  safety  committee  of  workmen  is  generally  ac- 
cepted as  being  the  best  means  of  accomplishing  the  desired  results. 

Below  is  shown  a  warning  sign  used  by  one  large  blast  furnace. 
The  sign  is  made  of  blue  and  white  enamel  and  gives  general  in^ 
structions  to  be  observed  around  the  blast  furnaces,  as  well  as  men- 
tioning special  precautions  to  be  taken  when  working  on  apparatus 
controlled  by  steam. 


NOTICE- 
TO 
BLAST-FURNACE  EMPLOYEES. 

Do  Not  Qo  ttp  Staibwats  to  Stove  Platfobm  ob  Pubnage  Tops  WrrHoxJT 

PEBlilSSION  FBOM  THE  BlOWEB. 

Nkveb  Go  omo  Fubztage  Tops  Alone. 

Do  Not  Gk>  Above  the  Rbceiviivg  Hoppeb  or  ant  E'ubnage  V7ithout  Lock- 

INO  AND  Tagging  the  Levebs  Opebating  the  Bells. 
Do  Not  Go  on  the  Skip-Cab  Tbackb,  in  the  Skip  Pits,  ob  ant  Place 

Whebe  the  Skip  Cab  Can  Hit  You  Withoxtt  Locking  and  Tagging 

the  Main  Cibcuit  Bbeakeb  on  the  Hoisting  Engine. 
Do  Not  Wobk  on  the  Coke-Bin  Doob  Ctundebs  Without  Looking  and 

Tagging  the  Levebs  Opebatin«  Thbic. 
Do  Not  Bnteb  ant  Stove  nob  Clean  Stoves  tbou  the  Upper  Platfobm 

Without  Locking   and  Tagging   the  Cold-Blast   Valve,   Hot-Blast 

Yalvb,  Chiknet  Valve,  and  Oas  Valve. 
Do  Not  Oo  Neab  the  Gas  Doob  or  a  Stove  when  on  Gas. 
Do  Not  Tighten  Nuts  on  a  Stove  Doob  when  the  Stove  is  on  Bijlbt. 
Do  Not  Use   Telephone   when   a   Misundebstanoino   Can   Cause   an 

Accident. 

BLANK  COMPANY. 
Fkbbuabt  1,  1W8. 
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Plate  XII,  A  J  shows  a  safety  entrance  to  the  blast  furnace  pro- 
vided at  one  plant.  The  subway  extends  under  all  of  the  tracks  inside 
the  yard. 

Plate  XII,  Bj  shows  the  need  of  care  on  the  part  of  men  climbing 
in  and  out  of  cars,  in  order  to  avoid  being  struck  by  magnets,  loads, 
etc.  The  man  is  shown  to  be  in  imminent  danger  of  being  struck  by 
A  crane. 

An  effectively  guarded  locomotive  crane  is  shown  in  Plate  XIII,  A. 
The  rotating  frame  A  has  been  elevated  to  give  a  clearance  of  8 
or  9  inches  over  the  deck  of  the  truck.  The  swinging  angle-iron 
bumper  B  serves  as  a  warning  by  striking  any  one  standing  or 
leaning  on  the  truck.  The  floor  plates  C  are  extended  to  the  full 
width  of  the  truck.  The  gears,  clutches,  and  engines  are  guarded  by 
the  shields  D.  Grab  irons  E  and  steps  F  are  suitably  placed  for  the 
safety  of  men  getting  on  or  off  the  crane.  An  automatic  load  indica- 
tor is  shown  at  G.  At  H  are  shown  structiu'al  extensions  to  both 
ends  of  the  frame,  to  which  automatic  car  couplers  are  attached, 
aUowing  the  crane  to  be  coupled  to  cars  without  danger.  A  coupler- 
operating  lever,  J,  and  a  warning  sign,  K,  are  also  shown. 

Plate  XIII,  B^  shows  guards  over  friction  pulleys  and  gears  on 
blast-furnace  ore  pockets.  Safety  lines  with  handles  to  be  pulled 
to  stop  machinery  are  also  shown.  The  rope  pulls  out  a  switch  and, 
cutting  off  all  power,  sets  a  brake,  stopping  the  machinery*. 

A  thoroughly  guarded  platform  and  stairway  leading  from  the 
cab  of  a  skull-cracker  crane  to  the  crane  bridge  is  shown  in  Plate 
XIV,  A. 

Plate  XIV,  -S,  shows  blast-furnace  boiler  counterweighted  doors 
which  open  inward  and  upward,  eliminating  danger  from  any  fire- 
box explosion. 

Plate  XV,  Ay  shows  a  high-tension  junction  pole,  equipped  with 
ladder  and  with  platform  at  the  top  and  guard  plates  on  the  sides  of 
the  ladder  to  protect  a  man  while  passing  up  through  the  wires. 

Plate  XV,  -S,  shows  a  heavy  wire  mesh  guard  at  the  oil  switch 
and  a  lightning  arrester  in  a  blast-fu]*nace  power  house  where  the 
electric  current  is  6,600  volts. 

A  well-guarded  Bessemer  mixer  crane  is  shown  in  Plate  XVI,  A, 
A  safety  limit  switch,  A.  prevents  overtravel  of  the  hoist.  The  car- 
bon contacts,  B,  are  brought  together  when  the  hook  block  raises  the 
hinged  arm  of  the  switch.  When  the  contact  is  made  the  arbiature 
is  short-circuited,  stopping  the  motor.  A  safety  grease  cup,  C,  and 
a  shield,  D,  over  the  sheaves  are  shown. 

Plate  XVI,  ff,  shows  boxes  used  at  one  large  blast-furnace  plant 
to  contain  woolen  blankets  for  use  lU'case  of  fire  to  employees'  cloth- 
ing. The  round  box  is  a  portable  moisture-proof  can  used  where 
naphtha  oil  is  applied  to  pipe,  rails,  or  other  material  with  portable 


A.    GUARDED  PLATFORM  AND  STAIRWAY  FROM  CRANE  CAB  TO  BRIDGE. 


.    PLATFORM  AND  LAOOER  WITH  GUARD  f^ATES,  ON   HIGH-TENSION  JUNCTION  POLE. 


E-UESH  GUARD  A 
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gpray  pumps.  Boxes  like  the  square  one  shown  are  permanently 
located  at  numerous  places  throughout  the  plant  where  there  is 
danger  of  the  clothing  catching  on  fire.  The  door  of  the  box  auto- 
matically locks  from  the  inside,  making  it  necessary  to  break  the 
glass  to  remove  the  blanket.  The  broken  glass  falls  through  a  slot 
in  the  bottom  of  the  box.  The  hook  shown  is  for  use  in  breaking 
the  glass. 

Plate  VIII,  5,  and  Plate  VIII,  C,  show  a  safety  hook  for  use 
where  hoisting  is  done  in  a  confined  space,  with  consequent  danger 
that  the  hoisting  bucket  may  catch  on  walls  and  become  disengag^. 
This  hook  is  used  by  bricklayers  on  stacks,  blast-furnace  stoves,  eta, 
and  by  boilermakers,  machinists,  and  others.  Plate  VIII,  B^  shows 
the  hook  closed.  The  sleeve  A  fits  into  the  notch  B  and  locks  the 
hook,  making  it  impossible  for  the  bucket  to  become  disengaged  from 
the  hook  and  fall  on  workmen,  either  when  the  bucket  is  being 
hoisted  with  a  load  or  lowered  when  empty.  Plate  VIII,  C,  shows 
the  hook  open.    The  latch  C  drops  and  is  locked  automatically. 

An  efficient  type  of  car  s'  .if ter  is  shown  in  Plate  XI,  C,  A  four- 
cornered  piece  of  hardened  steel  is  inserted  in  the  forging.  When 
one  comer  of  the  steel  becomes  worn  the  steel  is  driven  out,  turned 
around,  and  another  comer  is  used. 

HEAHS  OF  ACCIDENT  FSEVEHTION. 

BELATIVE  VALtTES  OF  BIFFEBENT  MEASTTBES. 

Few  attempts  have  been  made  to  valuate  various  methods  of  acd* 
dent  prevention,  but  one  company  has  expressed  the  relative  values 
of  methods  of  preventive  measures  as  follows : 

Relative  values  of  accidenl-prevention  measures, 

Preventlye  measure.  Value,  per  cent. 

Organization : 

Attitude  of  oflfkcers 20 

Safety  committees 20 

Inspection  by  worlcmeu 5 

45 

Education : 

Instruction  of  men 15 

Prizes 9 

Signs 3 

Lectures 3 

30 

Safeguarding : 

Safety  devices 17 

OleanUness , 5 

Ligliting 3 

25 
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These  figures  are  representative  of  many  years'  experience,  but 
further  experience  will  undoubtedly  lead  to  further  changes.  In  fact, 
experience  with  financial  rewards  to  foremen  and  men  for  results  in 
accident  reduction  indicates  that  ^^ prizes"  should  receive  a  much 
higher  valuation  than  is  assigned.  Comparative  accident  redoction 
over  two  years  in  which  a  bonus  was  paid  individual  employees  for 
accident  prevention  shows  comparative  rates  of  100,  54.9,  and  24.6. 

PI.AKS  FOB  PAYING  BOKTTSES. 

The  bonus  for  a  foreman  is  paid  in  a  variety  of  ways.  One  scheme 
is  to  fix  the  bonus  at  a  certain  sum  per  man  on  the  foreman's  gang. 
At  $2  per  man  of  a  20-man  gang  the  maximum  payment  would  be  $40 
if  no  accidents  occurred.  To  fix  a  '^  bogey  "  rate,  the  accident  rate 
for  the  preceding  one,  two,  or  three  years  may  be  taken.  Assuming 
a  rate  fixed  at  20  per  cent  to  start,  and  that  at  the  end  of  the  period 
it  has  been  reduced  to  12  per  cent,  the  bonus  will  be  twelve-twentieths^ 
of  $40,  or  $24.  The  period  at  the  end  of  which  the  award  is  made 
may  vary  from  six  months  to  a  year.  Seductions  of  accidents  of  45 
to  70  per  cent  have  been  effected  by  bonus  payments. 

Another  scheme  of  bonus  awarding  is  as  follows:  A  plant  is  di- 
vided into  districts  and  a  committee  in  each  is  appointed  to  serve 
for  a  period  of  two  months.  A  datum  line  showing  the  frequency 
of  prior  accidents  in  each  district,  in  units  per  100  men  employed, 
is  established.  Each  district  is  expected  to  equal  or  excel  its  previous 
record,  the  records  not  being  set  against  each  other,  but  the  record 
of  each  being  wholly  within  itself.  Each  60-day  record  is  merged 
into  Uie  previous  total,  and  a  new  record  is  automatically  set  For 
each  man  of  a  committee  that  equals  or  excels  its  own  record  during 
a  60-day  turn  there  is  provided  a  $10  prize.  In  addition,  the  com- 
mittee making  the  greatest  improvement  is  granted  a  double  prize, 
or  $20  to  each  man.  This  plan  of  cash  reward  for  accident  preven- 
tion reduced  accidents  by  approximately  60  per  cent  in  one  year. 

The  obvious  objection  to  these  plans  is  that  as  accidents  decrease 
there  will  be  diminishing  returns  to  the  foremen  or  committeemen. 
To  offset  this  situation  the  basing  rate  should  be  increased  by  10  to  40 
per  cent  at  the  commencement  of  each  period. 

INSTBTTCTION  OF  KEN  AND  LECTTTBES. 

If  ^  instruction  of  men  "  and  ^  lectures  '^  be  grouped  as  preventive 
means  the  rating  is  18  points.  ^^  Lectures  "  refers  to  a  policy  of  hav- 
ing a  foreman  get  his  men  together  and  give  them  a  brief  talk  on  the 
importance  of  safe  practices,  giving  emphasis  to  the  policy  of  the 
management,  and  mentioning  specific  instances  of  injuries  and  the 
means  by  which  they  are  to  be  avoided.  This  practice  is  one  way  of 
recognizing  that  the  foreman  is  the  main  factor  in  determining  the 


A.    CRAHE  HOIST,  SHOWING  SAFEGUARDS. 


a.    CONTAINERS  FOR  WOOLEN  BLANKETS  FOR  EXTINGUISHING  BORNINS  CLOTHING. 
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quality  and  quantity  of  work  done  by  the  men  under  him.  After 
a  plant  has  been  constructed  .according  to  the  best  design  and  has 
been  provided  with  adequate  equipment,  the  output,  the  upkeep  of 
the  machinery,  and  the  efficiency  of  the  men,  including  their  free- 
dom from  injuries,  depend  on  the  foreman.  Perhaps  the  most  diffi- 
cult problem  in  accident  prevention  is  to  arouse  among  the  foremen 
a  gmuine  interest  in  efforts  to  avoid  accidents.  Often  certain  risks 
are  realized  but  are  regarded  as  necessarily  incident  to  the  work. 
This  does  not  mean  that  foremen  are  indifferent  to  the  safety  of 
their  men,  but  that  their  first  concern  is  production.  If  they  realize 
that  accident  prevention  decreases  the  cost  of  production  and  does 
not  conflict  witii  the  work,  but  that  it  should  on  the  contrary  increase 
the  efficiency  of  the  men  as  many  accidents  are  due  to  inefficient 
methods  of-  work,  they  do  not  lack  interest  Given  tlxis  interest, 
instruction  of  their  men  by  talks,  admonitions  when  the  men  are  seen 
taking  uncalled-for  risks  or  hazards,  and  adequate  supervision  fol- 
low automatically. 

Other  ^Mectures'^  are  motion  pictures  pertinent  to  plant  sa^ty, 
stereoptican  lectures,  and  conferences.  At  some  plants  the  manage- 
ment hires  a  large  hall  for  a  meeting  place,  provides  cigars  and  light 
refreshments,  invites  all  the  men  the  hall  will  contain,  and  asks  a 
free  discussion  of  methods,  advantages,  and  results  of  safety  work,  n 
When  a  bonus  scheme  is  in  effect  a  public  meeting  is  made  an  occasion 
on  which  to  present  prizes. 

SIGNS,  CLEANLINESS,  AND  LIGHTING. 

Signs,  cleanliness,  and  lighting  are  given  a  rating  of  8,  5,  and  8 
per  cent,  or  a  total  of  18  per  cent.  These  features,  if  defective,  can 
be  corrected  almost  immediately.  The  use  of  signs  calls  for  consider- 
able discretion.  In  plants  giving  much  attaiticm  to  safeguarding, 
it  has  been  found  that  when  signs  are  used  too  lavishly  employees  be- 
come so  familiar  with  such  warnings  that  the  desired  purpose  is  de- 
feated. About  blast  furnaces  permanent  signs  may  be  used  at  the 
following  places  without  fear  of  overplacarding  the  plant: 

1.  Steps  to  top  of  furnace  and  stoves. 

2.  Steps  to  gas-engine  basements  and  to  tops  of  boUers. 

3.  Beneath  plg-machlne  strands  or  chains. 

4.  At  raUroad  crossings  and  track  approaches. 

5.  At  electric  conductors  carrying  more  than  250  volta 

6.  At  close  clearances  along  tracks. 

7.  Under  dnst  catchers. 

8.  About  skt^I  cracker. 

It  is  the  consensus  of  opinion  that  the  English  word  ^  danger  "  in 
white  on  a  red  sign  carries  to  the  foreigner  who  understands  no 
English  exactly  the  same  significance  as  to  English-speaking  people, 
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because  he  can  readily  understand  that  it  is  used  only  to  indicate 
places  of  peril.  Such  permanent  sigps  should  be  lighted  at  night 
Small  signs  that  can  be  attached  to  electric  switches,  and  to  water, 
steam,  vacuum,  blow-ofp,  or  gas  valves  should  also  be  provided. 
These  should  have  a  white  ^^  danger "  on  a  red  background.  Port- 
able signs  to  be  placed  under  men  working  above,  or  where  men  are 
chipping,  cutting  rivets,  or  breaking  scrap  in  the  cai^  house  or  the 
ladle  house,  or  shooting  salamanders  or  frozen  ore,  should  be  pro- 
vided. 

Cleanliness  is  characteristic  of  most  blast-furnace  plants,  and  em- 
phasis on  this  point  t^ould  be  largely  misplaced.  Furnace  work  being 
a  rough  trade  and  productive  of  much  rubbish,  brickbats,  slag,  and 
scrap  lumber  and  iron,  it  is  necessary  to  keep  everlastingly  at  tiie 
work  of  cleaning  up,  and  as  a  rule^  yards,  cast  houses,  pavements, 
and  houses  are  noteworthily  neat.  The  few  exceptions  only  go  to 
prove  the  rule. 

AOOISEHTS  AHS  AOdDElTT  PBEYEBnOH  AS  BELATED  TO  TEE 

EMPLOYER 

LOSS  OF  TIMB. 

Anyone  who  has  worked  with  or  has  had  the  direction  of  workmen 
realizes  that  one  of  their  chief  fears  is  that  they  will  lose  time  and 
wages  as  the  result  of  time  keeping  or  other  clerical  errors,  plant 
shutdown,  or  enforced  absence.  With  average  full-time  weekly  earn- 
ings of  $12.43  for  laborers  to  $19.13  for  keepers  in  the  furnace  indus- 
try, an  average  loss  for  injury  of  $17.95  over  noncompensated 
periods,  or  $50.24  over  average  compensated  periods,  r^resents  an 
impairment  of  income  that  is  sometimes  accompanied  with  hard- 
ships and  deprivations.  It  is  common  to  see  painfully  injured  men 
bearing  their  injuries  stoically  and  bravely  but  seemingly  undergoing 
much  mental  suffering  on  account  of  the  uncertain  loss  of  time  and 
income  facing  them. 

Malingering  is  an  act  of  which  men  are  sometimes  accused.  On 
the  other  hand,  many  injuries  terminate  long  after  the  normal  period, 
owing  to  lack  of  proper  medical  care  caused  by  imsystematic  follow- 
up  arrangements,  neglect  on  the  part  of  the  man  himself,  or  a  lack 
of  system  in  returning  the  injured  man  to  work  when  the  condition 
of  the  injury  is  such  that  the  probability  of  additional  loss  is  exceed- 
ingly remote.  The  average  duration  of  all  injuries  is  17  day&  A 
large  steel  works  having  an  excellent  follow-up  system  and  medical 
treatmjentt  reports  12  days  as  an  average  of  all  injuries  when  more 
than  a  day's  lost  time  is  necessary.  Infections  ordinarily  comprise 
1  in  39  injuries^  but  with  adequate  medical  treatment  they  are  reduced 
to  1  in  900. 
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The  14  days'  exemption  period  provided  by  law  is  designed  to  pre- 
vent malingering  and  to  put  upon  the  employee  a  sufficient  part  of 
the  burden  of  accident  cost  so  that  he  has  a  strong  incentive  for  re- 
turning to  work  promptly.  This  provision  of  law  is  essentially  a 
safeguard  provided  for  the  employer  against  imjust  claims.  It  is 
based  on  the  probable  malingering  of  a  minority  of  employees,  and 
it  works  a  real  hardship  on  the  majority.  Under  these  circumstances 
one  of  the  best  means  of  demonstrating  the  usefulness  of  accident- 
prevention  means  is  for  plant  managements  to  undertake  measures 
that  will  return  men  to  work  at  the  earliest  possible  hour. 

When  employees  realize  that  every  practicable  attention  is  being 
given  to  this  phase  they  will  tend  to  accept  without  reservation  the 
intention  of  the  management  to  undertake  safety  work  for  the  good 
of  the  employee  as  well  as  that  of  the  employer.  There  is  not  infre- 
quently resentment  against  lost  time  imposed  by  the  physicians'  order. 
Until  any  possible  grounds  for  such  resentment  are  removed,  it  is 
almost  useless  to  talk  safety  to  men  on  the  basis  of  loss  of  time.  With 
satisfactory  conditions,  loss  of  time  is  a  strong  point  in  impressing  on 
employees  the  importance  of  personal  care. 

DISCIPLINE. 

Imposition  of  discipline  or  fines  for  infraction  of  a  safety  rule  or 
for  carelessness  is  a  cause  of  resentment  among  employees.  Intel- 
ligent carefulness  all  the  time  is  beyond  the  power  of  most  men,  of 
any  station,  especially  among  a  large  proportion  of  furnace  em- 
ployees. Discipline  for  trivial  offenses,  for  mishaps  as  a  result  of 
desultory  and  untrained  methods  of  work,  or  as  aggravated  by, per- 
sonal antipathy  of  a  foreman  for  a  workman  injures  the  cause  of 
safety  among  the  men  more  than  it  can  possibly  help.  So  far  as  is 
known,  fines  have  been  imposed  at  only  one  plant.  Layoffs  or  dis- 
charges are  in  the  hands  of  the  foremen  and  the  superintendent  at 
most  plants,  the  suggestion  or  recommendation  of  the  safety  inspec- 
tor being  mandatory  at  only  a  few  plants.  Two  plants  settle  the  ques- 
tion of  discipline  by  a  ^'  court  of  inquiry,"  where  all  concerned  in  an 
accident  and  all  witnesses  are  invited  to  give  their  version  or  make 
defense.  Thus  the  man  is  judged  to  his  own  satisfaction  by  his  as- 
sociatea  Wherever  foremen  of  gangs  will  surrender  their  preroga- 
tive of  discipline  for  infractions  of  safety  rules,  the  court  mentioned 
removes  another  obstacle  in  safety  work. 

USE  OF  INTOXICANTS. 

In  few  of  the  accidents  reviewed  was  drunkenness  given  as  the 
primary  or  contributing  cause  of  injury.  This  is  probably  due  to  two 
facts:  First,  drunken  men  are  without  exception  turned  back  from 
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all  plant  entrances ;  and,  second,  men  coming  to  work  after  alcoholic 
excess  are,  though  not  intoxicated,  either  sleepy  and  dull,  ill,  or  reck- 
less. Although  a  man  in  such  condition  has  neither  mental  or  phys- 
ical balance,  and  is  more  susceptible  to  accident;  in  event  of  accident 
the  part  played  by  alcoholism  is  determined  only  as  result  of  time 
and  effort  in  tracing  back  a  suspicion  to  a  certainty,  an  effort  compa- 
ratively seldom  made. 

In  the  eradication  of  personal  habits  or  excesses  detrimental  to 
the  safety  of  the  men,  alcoholism  must  at  times  be  given  attention, 
but  the  matter  is  to  be  approached  with  caution,  welfare  effort  in  this 
direction  being  often  resented  as  an  encroachment  on  personal  lib- 
erty. The  fairness  of  such  work  can  be  impressed  upon  men  by 
making  clear  that  the  compensation  act  means  the  discharge  of  a  man 
who  gets  hurt  too  frequently,  because  he  is  a  bad  risk  to  the  company, 
that  such  a  man  eventually  will  not  be  able  to  keep  himself  in  a  job, 
and  that  alcohol  in  excess  will  surely  bring  any  man  to  such  a  state. 
Fortunately,  alcoholism  has  not  been  an  extremely  serious  factor  in 
accident-prevention  work  at  most  furnace  plants,  because  an  habitual, 
excessive  drinker  soon  loses  his  job  about  a  furnace  through  too 
frequent  absence  or  too  frequent  intoxication. 

ATTITXTDE  OF  FOBEKEN. 

The  attitude  of  foremen,  subf oremen,  and  ^^  straw  bosses  "  toward 
safety  work  determines  largely  how  the  men  view  the  work.  Some 
foremen  think  that  a  man  who  is  clearly  careful  must  be  too  careful, 
that  he  does  not  do  as  much  work,  or  does  not  do  the  set  work  as 
quickly  as  other  less  careful  men.  As  the  foreman  is  in  contact  with 
the  men,  and  sets  the  policy  for  the  manner  in  which  work  is  done, 
the  success  of  efforts  to  interest  the  men  rests  largely  with  him. 
Nothing  can  so  effectively  smother  safety-committee  work,  men^s 
suggestions,  bulletin-board  publicity,  or  stimulation  by  prizes,  as  a 
foreman's  conflict  with  suggested  safeguards  or  changes  in  methods 
of  work.  The  management  of  plants  should  make  it  evident  that 
the  safety  of  the  men  in  each  foreman's  gang  is  of  at  least  equal  im- 
portance to  the  efficiency  or  productiveness  of  the  gang  by  the  way 
in  which  the  foreman  is  paid  or  promoted.  Foremen  can  use  the 
same  incentives  to  induce  carefulness  that  they  use  to  induce  effi- 
ciency. It  follows  that  workmen  will  promptly  assume  their  share 
of  the  work  and  responsibility. 

PHYSICAL  EXAMINATION. 

The  physical  examination  of  workmen  as  a  means  to  promote  in- 
dustrial safety  is  much  used  in  large  plants.  It  has  met  with  oppo- 
sition from  workmen  who  fear  the  information  derived  from  the 
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examination  will  be  used  to  their  disadvantage.  Physical  examina- 
tion should  be  made  with  a  view  to  fitting  a  man's  work  to  his  mental 
and  physical  capacity,  not  to  weed  out  defectives  from  the  employees 
unless  the  defect  results  from  a  dear-cut  case  of  bad  personal  habits. 
Physical  examination  of  workmen  has  probably  resulted  in  more 
good  than  in  hardship  to  workmen,  particularly  those  who  are  un- 
educated in  American  schools.  The  tendency  of  these  men  is  to  neg- 
lect physical  weakness  until  they  become  permanently  impaired.  If 
as  a  result  of  physical  examination  men  afflicted  with  unsound 
hearts,  hernia,  or  deafness  are  given  work  less  hazardous  to  them- 
selves and  to  others,  or  if  the  examination  discloses  incipient  tuber^ 
culosis,  defective  sight,  varicose  veins,  or  infectious  social  diseases, 
with  the  result  that  the  defects  are  cured,  the  examination  should  not 
meet  with  objections  from  any  except  the  small  percentage  who  ob- 
ject on  the  ground  of  paternalism  or  have  religious  or  personal  rea- 
sons for  declining  examinaticm.  Physical  examinations  conducted 
in  the  right  spirit  and  at  proper  intervals  will  bring  greater  health 
and  safety  to  workmen. 

BEULTIVE  HARDSHIP. 

It  goes  without  saying  that  safety  work  is  of  advantage  to  both 
employer  and  employee.  Yet,  in  seriousness  of  burden,  caused  by 
unsafe  conditions,  the  employer  escapes  lightly.  With  an  accident 
rate  of  500  per  1,000  men,  the  estimated  cost  would  be  only  $0,028 
per  ton  of  pig  iron.  The  employee,  on  the  other  hand,  stands  one 
chance  in  two  of  partial  impairment  of  earning  power,  amounting, 
on  the  average,  to  2  to  3  per  cent  of  his  yearly  income,  not  to  men- 
tion his  liability  to  loss  in  earning  power  of  thousands  of  dollars 
by  permanent  disability.  So  it  is  true  that  accident-prevention 
work  on  the  part  pf  the  employer  must  rest  on  more  than  a  desire 
for  a  good  showing  on  the  profit  side  of  the  ledger. 

Another  important  inducement  for  the  employer  to  provide  the 
maximum  of  safety  is  embraced  in  the  general  labor  situation.  The 
mass  of  labor  about  blast-furnace  plants,  except  in  one  district,  has 
been  composed  of  immigrants;,  and  the  standard  or  level  of  wages 
has  been  the  lowest  of  any  department  of  the  steel  industry. 

It  is  a  matter  of  record  that  Americans  bom  of  native  or  foreign 
parents  are  not  attracted  in  large  numbers  to  the  industry.  It  is  a 
live  question  as  to  whether  it  will  be  possible  to  continue  to  attract 
the  immigrants,  or  whether  with  future  changes  of  conditions  in 
their  native  lands  men  will  not  cease  to  emigrate.  It  is  more  than 
likely  that  a  future  problem  of  the  furnace  industry  will  be  to  at- 
tract immigrants,  or  to  attract  American-bom  laborers,  by  making 
employment  more  inviting.    The  problem  will  be  partly  technical, 
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involyixig  the  character  of  work,  to  be  required,  and  partly  socio- 
logical, involving  the  conditions  under  which  the  work  is  performed. 
Development  of  safety  measures,  such  as  improvement  of  working 
conditions,  that  is,  providing  adequate  sanitati<m,  locker,  bathing, 
and  lunch  rooms,  and  drinking-water  facilities;  encouraging  better 
home  life,  conserving  health ;  eliminating  so  far  as  possible  fatigue 
and  occupational  diseases,  and  lessening  the  causes  of  dusts,  gases, 
vapors,  and  fumes,  excessive  heat  and  cold,  glaring  lights  wiU  go 
far  to  supplement  the  work  set  for  technical  men  in  lightening  and 
making  more  attractive  the  work  performed  about  furnace  plants. 
Thousands  of  dollars  have  been  spent  in  this  work,  and  the  t^idency 
to  make  improvements  is  constantly  growing.  The  record  of  many 
plants  in  this  respect  is  one  of  progress  and  recognition  of  their 
responsibilities,  and  there  has  been  almost  more  betterment  in  con- 
ditions of  employment  in  the  past  6  years  than  in  the  preceding  50. 
Safety  work,  therefore,  should  rest  on  a  very  secure  conviction 

in  the  minds  of  both  employers  and  employees  that  it  is  a  decided 
necessity. 

SAFETT-COMMITTEE  WOBX. 

IKPOBTANCB  OF  SA7BTY  OOKMrTTBB. 

Throughout  this  report  repeated  mention  has  been  made  of  the 
necessity  of  persistent  and  continued  personal  efforts  on  the  part  of 
foremen  to  correct  careless  and  unskillful  methods  of  work.  The 
writer's  observations  lead  him  to  believe  that  herein  lies  the  best 
hope  of  reducing  the  large  number  of  accidents  that  no  safeguarding 
can  eliminate.  To  anyone  who  has  studied  the  types  of  accidents 
cited  a  similar  thought  must  have  occurred.  In  concluding  the  report 
with  a  discussion  of  some  aspects  df  safety -committee  work,  emphasis 
is  again  laid  on  the  importance  of  daily  personal  work  by  foremen 
to  supplement  the  efforts  of  safety  committees. 

The  methods  of  organizing  safety-committee  work  are  known  to 
all  officials  of  furnace  establishments  and  need  not  be  gone  into  here. 
At  the  time  this  report  was  prepared  all  blast-furnace  plants  operated 
in  conjunction  with  steel  plants  were  utilizing  safety  committees  of 
men,  or  of  foremen  and  men,  as  an  aid  in  reducing  the  number  of 
accidents,  and  the  work  of  the  conmiittees  was  mating  with  success. 
However,  few  isolated  plants  had  found  the  safety  committee  to  be  an 
unqualified  success. 

SAFETY  COKMITTEE  AT  A  SKALL  PLANT. 

A  small  plant  is  under  a  handicap  in  undertaking  safety-committee 
work.  For  one  reason  there  are  fewer  accidents  in  a  force  of  100 
men  than  in  one  of  400,  so  that  the  safety  conmiittee  at  the  larger 
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plant  has  a  bigger  task  and  one  that  engages  its  respect  and  interest 
at  the  start.  There  is  always  some  practice,  condition,  or  equipment 
that  has  caused  a  more  or  less  severe  accident.  This  they  can  talk 
about  and  correct  with  some  satisfaction  to  themselves.  At  the  expi- 
ration of  their  service  their  endeavors  are  represented  by  a  respectable 
amount  of  work  accomplished.  The  committee  may  have  an  average 
of  five  to  seven  accidents  to  engage  its  attention  during  one  month. 
These  accidents  give  the  committee  something  definite  to  do ;  there  is 
something  concrete  to  correct;  unskillful,  thoughtless,  or  incorrect 
practices  and  hazardous  conditions  can  be  pointed  out.  The  com- 
mittee at  the  small  plant,  with  exactly  the  same  rate  of  accidents 
as  at  the  large  plant,  will  have  to  consider  an  average  of  only  one 
or  two  accidents  per  month.  Even  with  the  utmost  stress,  the  safety 
committee  at  the  small  plant  can  not  make  the  significance  of  one 
or  two  accidents  as  striking  to  the  individual  man  they  are  trjring  to 
reach  as  if  five  to  seven  had  happened.  ^ 

Esiperience  shows  that  the  average  committee  at  a  small  plant 
expends  its  efforts  mainly  in  providing  mechanical  safeguards,  which 
is  the  logical  line  of  endeavor  at  the  inception  of  a  safety  campaign. 
However,  the  tendency  is  to  persist  in  this  field,  which  gradually 
narrows,  so  that  the  committee,  finding  its  efforts  to  accomplish  useful 
safeguarding  becoming  circuniscribed,  sooner  or  later  begins  to  con- 
sider its  work  futile  and  loses  interest  long  before  the  actual  hazards 
of  the  plant,  as  indicated  by  the  accident  rate,  have  been  reduced 
lo  the  lowest  possible  figure  and  kept  there.  The  work  loses  momen- 
tum while  improvements  are  still  needed  in  methods  of  work,  scaf- 
fold practice,  condition  of  tools,  upkeep  of  rigging,  and  other  details, 
and  while  the  workmen  only  partly  realize  the  full  significance  of 
accident-prevention  efforts. 

To  make  safety-committee  work  at  a  small  plant  permanent  and  of 
everyday  usefulness,  experience  at  a  few  small  plants  where  it  has 
been  a  success  indicates  that  the  committee  has  to  be  given  a  larger 
field  than  that  assigned  to  committees >it  large  plants  where  the  work 
supplements  the  safety  work  of  the  whole  steel  plant. 

One  successful  plan  is  to  make  the  safety  committee  an  efficiency 
committee,  putting  up  to  the  committee  of  foremen  the  question  of 
plant  economies.  Every  two  weeks  the  committee  has  a  .neeting, 
at  which  minutes  are  kept.  The  superintendent  meets  with  the 
committee  as  often  as  he  has  any  improvements,  readjustment  of 
force,  or  similar  matter  in  mind  and  talks  it  over  with  the  foremen. 
^Vhen  an  unusual  job  is  to  be  undertaken,  it  is  discussed  from  begin- 
ning to  end,  and  all  possible  contingencies  are  brought  out  by  the 
men  from  the  various  gangs  or  departments,  and  after  the  best  way 
to  handle  the  work  is  apparent  the  sense  of  the  meeting  is  expressed 
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in  a  '*'  work  order,"  which  gives  explicit  directions  as  to  how  the  work 
is  to  be  done,  who  is  to  direct  it,  and  the  precautions  to  be  taken. 
Economies  in  storeroom  supplies,  the  handling  of  material,  the  hixyt 
problems,  and  similar  matters  are  discussed.  The  foremen  consti 
tuting  such  a  c<Hnmittee  come  to  realize  the  value  of  cooperative 
effort,  and  in  connection  with  the  committee  work  the  men  advance 
valuable  ideas.  The  plan  is  not  6uch  a  radical  departure  from  ac- 
cepted plant  organization,  as  every  superintendent  discusses  person- 
ally with  his  foremen  all  unusual  developments  in  the  foreman's 
work.  Referring  such  matters  to  the  plant  committee  simply  applies 
to  a  small  plant  the  idea  of  a  general  conference,  largely  used  in  big 
organizations. 

OXTTLIKB  OF  FOLIiOW-UP  WOBK. 

To  insure  a  permanent  and  active  plant  committee  the  superin- 
tendent may  outline  for  the  committee  a  broad  field  of  accident- 
prevention  activities.  The  provision  of  safeguards  can  be  largely 
left  to  the  initiative  of  the  committee,  with  occasional  suggestions  as 
the  need  for  them  comes  up  from  time  to  time.  However,  guidance 
may  be  needed  in  outlining  a  follow-up  system  of  correcting  unsafe 
conditions  and  practices.  The  typical  outline  given  below  may  be 
useful.  For  putting  such  follow-up  systems  into  practice  a  form 
should  be  prepared,  to  be  signed  at  each  plant  inspection  by  the 
committee  men.  They  should  be  given  authority  to  correct  or  to 
ask  foremen  to  correct  any  dangerous  condition  or  practice  that  is 
not  in  conformity  with  logical  requirements  for  safety. 

Outline  of  follouMtp  work  by  safety  committee. 

(List  of  Items  to  be  observed  In  promoting  general  safety  about  blaat>famaoe  plant] 

Trestle. 

1.  Condition  of  walks,  railings,  and  crossovers. 

2.  Condition  of  tools  and  manner  of  using  tools. 
8.  Loose  material  or  tools  along  walks. 

4.  Use  of  safety  belts  in  cars  and  bins. 

5.  Carefulness  of  larry-car,  ore-bridge,  and  train  operators 

Stock  House. 

1.  Condition  of  fenders,  lights,  and  gongs  on  scale  cars. 

2.  Condition  of  bin  chutes,  freedom  from  lumps  liable  to  faU,  and  practice 
In  drawing  material. 

8.  Condition  of  barrows,  tools,  and  lights. 

4.  Use  of  goggles  and  carefulness  in  breaking  lumps,  drawing  dusty  coke^  and 
running  scale  car. 

Hoist. 

1.  Replacement  of  guards  on  hoist,  engine,  and  motor. 

2.  Use  of  locks  or  tags  on  operating  levers  and  switches^ 
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8.  Safety  of  work  in  cleaning  skip  pit  and  in  oiling  hoist,  skip,  and  engine  <»r 
motor. 
4.  Observation  of  rules  for  oiling  and  inspecting  on  top. 

Cast  House. 

1.  Condition  of  railing,  steps,  and  floors. 

2.  Pilling  of  ladles  (not  more  than  within  6  Inches  of  the  top). 
3*  Putting  water  on  trough  after  cast. 

4.  Use  of  shields  at  tapping  hole,  cinder  notch,  and  shutters. 

5.  Use  of  goggles  and  masks  at  cast  or  flush. 

6.  Filling  of  cinder  ladles    (dryness  of  Indies   and  not   more   than   within 
6  inches  of  the  top). 

7.  (Condition   of   tools    (no   mushroomed    heads,    cracked    handles,    or   loose 
sledges). 

8.  Cleanliness  of  cast-house  floor,  and  replacement  of  tools  in  proper  position. 

9.  Men  working  alone  above  bustle  pipe. 

10.  Tight  bridle  springs. 

11.  Condition  of  shoes  and  clothing  of  cast-house  crew. 

Stoves. 

L  Locking  or  tagging  of  gas  burners  and  hot-blast  valve  when  men  are  inside 
cleaning  stove. 

2.  Leaky  gas  burners. 

3.  Men  standing  about  in  front  of  stove  doors. 

4.  Handling  of  gas  in  lighting  and  in  cleaning  welU. 

BOILEBS. 

L  Locking  or  tagging  of  burners  and  blow-off  valves  when  boilers  are  being 
cleaned. 

2.  Water-gage  glass  protection  and  manner  of  using  glass. 

3.  Ck)ndition  of  steam  hose. 

4.  Overing  of  blow-off  and  other  ditches. 

5.  Men  working  alone  above  boiler  settings. 

6.  Leaky  burners. 

7.  Lighting. 

Gas  Mains. 

1.  Proper  handling  and  wetting  down  of  flue  dost 

2.  Nonuse  of  clamps  on  bells  and  downlegs. 

8.  Condition  of  water  and  steam  lines  to  gas  mains  and  to  water-seal  valves. 

Engine  Room. 

1.  Accompany  oilers  and  wipers  to  observe  whether  there  are  hazardous  condi- 
tions and  practices. 

2.  Inspect  platforms  and  steps  for  excess  oil  and  slippery  conditions. 

3.  Inspect  railings. 

4.  Men  working  in  gas-engine  cellar. 

5.  Condition  of  oxygen  apparatus. 

Pio  Machine  and  Ladlb  HouisSi 

1.  Condition  of  shoes  and  clothing  of  men. 

2.  Length  of  poles  used. 
8.  Use  of  goggles. 

4.  Method  of  work  at  quenching  pit 
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5.  Ck)Dditlon  of  tools. 

6.  Absence  of  rubbish  under  foot. 

Tban  sfobt  ation. 

1.  Unauthorized  persons  on  railroad  equipment 

2.  Use  of  danger  sign  by  men  working  in,  under,  or  about  cars. 

3.  Kicking  of  cars  across  drives,  roads,  passageways,  or  into  dead-end  tracks. 

4.  Proper  use  of  l>ell  and  whistle. 

Yabds  and  General  Labob. 

1.  Piling  of  brick,  lumber,  castings,  and  pig  iron. 

2.  Use  of  ordinary  plank  for  runways. 
8.  Safety  of  work  at  cinder  dump. 

4.  Yard  cleanliness. 

6.  Guarding  of  holes,  ditches,  etc. 

Cranes,  Hoists,  and  Rigoino. 

1.  Method  of  work  in  booking  on. 

2.  Methods  of  work  in  cars  with  buckets  and  magnets. 

3.  Leaving  bails  of  buckets  standing  up. 

4.  Use  of  proper  slings  for  hoisting  materiaL 

5.  Inspection  of  block  and  tackle — frequency  of  inspection,  care  while  being 
stored,  disposition  of  defective  material. 

6.  Condition  of  tool-room  tools  find  supplies. 

Ladders  and  Scaffolds. 

1.  Selection  and  suitability  of  scaffold  material. 

2.  Condition  of  existing  scaffolds. 

3.  Scaffolds  constructed  by  men  other  than  carpenters. 

4.  Eliminate  miscellaneous  makeshift  ladders  and  scaffolds. 

5.  Condition  of  permanent  and  portable  ladders. 

6.  Methods  of  using  ladders. 

General. 

1.  Condition  of  previously  installed  safeguards. 

2.  Condition  of  electrlc-llght  and  motor-extension  cord  and  cables 

3.  Condition  and  legibility  of  danger  signs. 

4.  Use  of  portable  danger  signs. 

5.  Condition  of  stretchers. 

6.  Condition  of  and  training  in  resuscitation  and  breathii^  apparatus. 

[To  the  above  may  be  added  the  outstanding  causes  of  accident  as  shown 
on  pages  10-11.] 

NEED  OF  BEFOBTJNO  MINOB  INJX7BIES. 

The  men  comprising  the  safety  committee  should  make  special 
effort  to  get  every  man  suffering  injury  to  report  to  the  first-aid  room 
for  treatment.  Any  injury,  however  slight,  should  be  reported, 
including  every  bruise,  cut,  scratch,  abrasion,  strain,  foreign  body 
in  the  eye,  or  blister.  Ix  all  such  injuries  are  reported,  in  the  average 
small  plant  10  to  20  injuries  will  be  treated  each  month.  In  some 
large  plants  where  practically  every  injury  is  reported,  10  to  15  per 
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cent  of  the  force  report  at  the  hospital  every  month  for  treatment. 
Most  of  the  injuries  are  trivial,  but  many  of  them  might  become 
serious  through  infection  if  neglected.  The  safety  committee  of 
a  small  pylant  can  do  much  effective  work  in  helping  its  own  plant 
to  reach  the  same  record  in  the  reporting  of  trivial  injuries.  In  so 
doing,  not  only  will  the  number  of  infections  become  markedly 
lessened  and  men  be  saved  considerable  lost  time,  but  the  safety  com- 
mittee will  at  the  same  time  place  itself  in  an  increasingly  stronger 
position  to  emphasize  the  importance  of  its  work  by  the  number  of 
accidents  to  which  it  can  refer. 


OLOSSABY. 

AiB  TtTB.     The  cylinder  on  l>lowing  engine  which  piinifis  the  hlnst.  '*  vrlnd,"  or 

"  nlr." 
Barring  scrap.    Prying  adhering  scrap  from  runners,  huiles.  or  skimmers. 
Bin  feeder.    Man  who  hkIs  or  bars  ore  that  sticks  in  going  through  bin  doors. 
Bin  man.    One  who  pokes  down  ore  In  bins  to  keep  It  moving  to  tiie  chutes. 
Bleeder.     An  escape  valve  for  gas,  at  the  top  of  the  furnace  or  along  the  pis 

line,  to  relieve  excess  pressure. 
Blower.    Foreman  in  charge  of  operation  of  furnace  and  stoves,  casting,  flush- 
ing, stops,  repairs,  etc.     At  small  plants  he  Is  In  charge  of  trestle,  stock 

house,  and  pig  machine  as  well. 
Blowing  on  the  monkey.     Flame  blowing  from  the  cinder  notch. 
Boil.    Occurs  when  molten  Iron  runs  over  a  w^et  or  damp  spot  or  object  In  run- 
ner.   The  sudden  generation  of  steam  often  cau.ses  an  explosion,  whereby 

molten  Iron  Is  scattered  about. 
Boiler  bcaij^r.    Man  who  cleans  scales  from  boiler  tubing. 
BoT.    A  cast -Iron  or  forged -steel  plug  mounted  on  long  steel  rod  that  fits  Inshle 

of  the  monkey. 
BoTTiNG.    Thrusting  bot  Into  monkey  to  stop  run  of  slag  during  a  flush,  or  when 

the  furnace  begins  to  blow  on  the  monkey. 
BonrroM  filler.    Man  who  Alls  barrow  w-lth  ore.  coke,  or  stone,  weighs  it  and 

places  it  on  cage,  or  elevator,  to  be  hoisted  to  top  of  furnace. 
Burner,  burner  man.    A  man  who  takes  care  of  kilns  for  roasting  ore;  largely 

confined  to  plants  roasting  sulphur  from  Ck>rnwall,  Pa.,  ores. 
Cageb.    Supervises  weighing  and  sequence  of  sending  up  components  of  furnace 

charge,  keeps  track  of  number  of  rounds,  and  signals  to  top  filler  when  It  i.' 

time  to  hoist. 
Oab  dumper.    Mechanical  device  for  tilting  a  railroad  car,  hopper,  or  gondola 

over  sideways  to  empty  it. 
Car  rider.    Brakeman  or  laborer  employed  to  ride  on  car  being  hauled  up  to 

dumper,  or  on  car  pushed  from  cradle,  to  apply  brake  and  prevent  hard 

bumping. 
Cast  house.    The  roofed  (and  sometimes  inclosed)  space  in  front  of  and  about 

a  blast  furnace  in  which  molten  iron  is  run  or  cast. 
Checker  arches.    Fire-brick  supports  built  up  of  arch  brick  or  keys  to  support 

the  checkerwork  on  the  second,  third,  or  fourth  pass  of  hot-blast  stoves. 
Cinder  bank.    Same  as  cinder  dump;  indicates  an  old  dump  as  distinguisbed 

from  one  in  use. 
Cinder  breakout.    The  slag  within  the  furnace  penetrates  the  briclcwork  and 

escapes. 
Cinder  dock.    A  bed  containing  molds  into  which,  in  former  practice,  slag  was 

run,  chilled,  and  then  thrown  into  cars  with  forks. 
Cinder  dump.    Place  where  slag  ladles  are  emptied. 
Cinder  fall.    See  Cinder  runner. 
OiNDER  NOTCH.    The  hole,  about  5  or  6  feet  above  Iron  notch,  nnd  3  feet  below 

tuyeres,  through  which  slag  is  flushed  two  to  three  times  between  casts. 
144 
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CiNnEs  PIT.    Large  pit  filled  with  water  into  which  molten  slag  iB  run  and 

{O'analatecl. 
OiNUEtt  BUNNEu.    Trough  carrying  slag  from  gkimmer,  or  cinder  notch,  to  pit 

or  ladle.    Also  called  cinder  fall. 
Ciin)Kii  SNAPPER.    Man  who  removes  cinder  skulls  from  cinder  mnners  between 

cinder  notch  or  slclmmer  and  pit  ladles. 
Clay  gun.    See  Mud  gun. 
Clean-up  man.    Usually  a  pensioner  who  keeps  yard  cleaned  np,  pulls  weeds. 

and  does  odd  Jobs. 
CoNDUGTOB.    The  third  rail  or  electric  wire  on  car  dumpers,  ore  bridge,  trans 

fer  or  larry  car.    .:Uso  conductor  on  hot  metal  or  roustabout  engine. 
Cooler  abch.    An  opening  in  the  tuyere  breast  of  the  furnace.    The  tuyere 

cooler  Is  placed  In  it. 
Crab.    Temporary  hoisting  winch  or  permanent  winch  used  to  pull  ladles,  cars, 

or  iron  plate  in  boiler  shop,  also  called  "  mule  "  on  car  dumper. 
Cradle.    Part  of  car  dumper  in  which  the  car  rests  when  it  is  dumped. 
Drilling  up.    Preliminary  digging  out  the  clay  in  the  tapping  hole.    This  1:* 

done  with  hand,  air,  or  electric  drill. 
Dust  bell.    Seal  at  bottom  of  dust  catcher,  dust  leg,  or  water-seal  valve;  is 

opened  periodically  to  drain  flue  dust  from  the  system. 
Furnace  holding-the-iron.    Furnace  gives  much  less  than  normal  quantity  of 

iron  at  casting,  although  the  feed  may  have  been  regular.   The  tapping  hole 

runs  iron  slowly,  and  the  amount  of  slag  is  somewhat  scanty.    Goiiipart* 

"furnace  loslng-the-iron." 
Handyman.    At  small  plants  a  "  Jack  of  all  trades,"  rigger,  millwright,  and  ma- 

diinist  combined. 
Hoist  man.     One  in  charge  of  running  skip  and  dumping  bells. 
Hook  block.    The  lower  sheave  or  block  on  a  crane  hoist  to  which  a  swlvM 

hook  is  attached. 
Hooker-on.    Same  as  Hook-on. 
Hook-on.    Man  who  adjusts  cables  or  chains -about  objects  to  be  lifted  or  places 

hook  of  crane  block  in  backet  bails,  hooks  of  winches  to  objects  to  bo 

moved*  etc. 
Hot-blast  man.    See  Stove  tender. 
Hot  spot.    Any  small  portion  of  the  furnace  shell  that  is  thin  and  seems  likely 

to  burn  through. 
Iron  pileb.    A  laborer  who  removes  iron  from  cars,  sometimes  breaks  It,  and 

piles  and  classifies  it  according  to  grade. 
Keeper.    One  in  charge  of  opening  and  closing  of  tapping  hole.    Runs  iron 

at  cast. 
Kisif.    Qfaphite  that  separates  from  pig  iron  in  runners,  ladles,  molds,  or 

mixers. 
Ladub  cuaser.    a  man  who  distributes  hot  metal  in  ladles  to  different  opera- 
tions, keeps  hot-metal  crew  busy  to  prevent  skulling  of  ladles  and  delay  at 

mllL 
Ladle-house  man.    See  Ladle  liner. 
Ladle  uneb.    A  man  who  lines,  with  brick,  loam,  and  day,  ladle  thimbles  of 

hot-metal  cars. 
Ladle  skulleb.    Laborer  who  removes  rim  and  bottom  skulls  from  hot-metal 

ladle  cars. 
IjifE  MAN.    Attends  to  slaking  lime,  running  lime  water  to  vats  beneath  pig- 

machine  mold*  and  operates  lime  sprays  when  machine  is  running. 
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Linesman.  In  charge  of  maintenance  of  lij^ht  and  power  electric  circuits,  some- 
times including  switchboard ;  usually  inspector  takes  charge  at  switchboard. 

Ix>Aif  BOX.  A  container  in  which  lonm  is  boiled  in  water  by  means  of  a  steam 
pipe.    The  mixture  is  used  in  blast-furnace  runners. 

Monkey.  Small  water-cooled  bronze  casting  in  cinder-notch  cooler  throat 
which  slag  runs  from  cinder  notch  when  bot  if  withdrawn. 

Monkey  boss.  Man  in  charge  of  flushing  furnace  and  of  claying  up  monkey 
and  coolers.    Helps  on  tapping  hole  also  and  at  cast 

Mud  gun.  A  steam  cylinder  operating  a  plunger  inside  a  steel  tube  6  inches 
in  diameter.  Clay  is  fed  into  hopper  tube  as  plunger  is  worked  back  and 
forth  and  is  thus  forced  into  tapping  hole,  at  end  of  cast 

Mulligan.    A  heavy  double-hand  sledge  for  breaking  runner  scrap. 

NiGGERHEAO.  A  Slip  pulley  on  hoist  winches.  Rigger  takes  a  few  turns  of  the 
hoisting  rope  about  the  pulley  and,  by  varying  tension  on  the  rope,  can 
vary  speed  of  hoist  on  lowering  object  with  engine  running  or  hoist 
running. 

Obb  bbidgb.  a  large  electric  gantry  type  of  crane,  which,  by  means  of  clam- 
shell bucket  stocks  ore  or  carries  it  from  stock  pile  to  bins  or  larry  car 
on  trestle. 

Obe-bbidge  bucket.    Clamshell  grab  backet  of  6  to  71  tons  capacity. 

Obbgon  sledge,    a  broad-faced  sledge  hammer. 

Picking  bod.    Pricking  bod.     (1)  A  li-inch  steel  rod,  about  20  feet  long,  used  to 
ram  into  the  tapping  hole,  while  furnace  is  casting,  to  dislodge  obstruc- 
'   tions  preventing  a  good  run;  also  called  tapping  bar.     (2)  A  bar  or  rod 
used  for  cleaning  tuyeres  and  blowpipes. 

Pig  sticker.  Man  who  punches  or  knocks  pig  iron  out  of  chills  or  molds  at 
pig-casting  machine. 

Quenching  pit.  A  pit  filled  with  water  in  which  graphite,  residue  of  iron,  and 
slag  from  hot-metal  ladles  is  granulated. 

Raveling.  Pulling  material  out  of  ladle,  furnace,  or  iron  trough  at  tapping 
hole.    Used  in  different  sense  at  steel  works. 

Rid-up  bunnebs.  Ridding  up;  cleaning  up  after  a  cast  when  the  scrap,  slag, 
and  iron  are  removed  from  runners,  trougtis,  and  skimmers,  and  they  are 
freshly  clayed,  loamed,  or  sanded. 

Riggeb.  Semiskilled  employee,  duties  concerned  largely  with  construction  and 
repair  rather  than  maintenance.  Skilled  in  use  of  hoist  tackle,  winches, 
etc.,  and  usually  able  to  do  riveting  and  to  assemble  material. 

Sailob.    a  term  sometimes  employed  for  rigger,  painter,  or  structural  worker. 

Scbap  pickeb.  a  man  employed  on  slag  dump  to  pick  out  lumps  and  sheets 
of  Iron  carried  to  dump  in  slag  ladles. 

Scbapman.  See  Scrapper.  May  also  refer  to  man  who  breaks  and  mnores 
heavy  scrap  in  cast  house. 

Scrapper.  One  who  removes  scrap  from  bin,  cast  house,  or  chute  to  skip  pit 
and  charges  the  material  removed  into  skip  at  regular  intervals. 

Sintering  man.  One  In  charge  of  plant  for  sintering  flue  dust,  or  simply  an 
employee  there. 

Skimmer.  Device  on  tapping-hole  trough  next  furnace  by  which  slag  is  auto- 
matically removed  or  skimmed  from  top  of  iron  nt  cast  and  diverted  to 
ladles  or  pit. 

Skip  pit.  Hole  into  which  skip  descends  when  at  bottom  of  skip  Incline  In 
stock  house,  to  bring  its  top  below  discharge  chute  of  scale  car. 

Skull.  Solidified  iron,  graphite,  and  cinder  in  ladle.  Solidified  mass  in  front 
of  tapping  hole. 

Skull  cbackeb.    See  Skull  drop. 
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Skull  dbop,  skull  cbackkk.    Device  for  breaking  heavy  ladle  skulls.  Iron  fnun 

messes,  or  scrap. 
Snort  val\*e,     A  butterfly  valve  opening  from  cold-blast  main  to  atmosphere. 

Allows   casting  at   the  furnace  without  shutting  down  blowing  engines. 

Operated  by  large  wheel  or  lever  in  cast  house. 
Spell.    A  rest  periwl  for  crews  at  furnace,  stock  house,  etc..  or  a  period  of 

work  in  drilling  tapping  hole. 
Splasheb.    a  plate  lined  with  fire  brick,  wblch  is  placed  over  Iron  trough  next 

to  tapping  hole  to  keep  down  flame  that  blows  from  tapping  hole  during  a 

cast. 
Stock.    Term  applied  to  the  mixture  of  ore,  coke,  and  limestone  charged  Into 

the  furnace  or  stored  in  bins  at  stock  house. 
Stock  duupeb.    See  Trestle  man. 

Stock-housr  man.    General  term  for  anyone  working  i;i  stock  house. 
Stock  unloadeb.    Laborer  who  unloads  ore,  coke,  or  stone  from  cars  on  trestle. 
Stove  tendeb.    One  who  puts  stoves  on  gas  or  on  bla^t,  regulates  temperatures 

of  blast;  handles  gas  at  shutdowns;  usually  watches  water  from  tuyeres, 

plates,  etc 
Sweeper.    One  who  cleans  tlie  brick  pavement  between  stock  house,  stoves,  and 

furnace. 
Tapping  bar.    See  Picking  rod. 
Transfer-cab  man.    One  who  operates  electric  car  which  transfers  ore  from 

ore  bridge  to  ore  bin. 
Trestle  labobeb.    See  Trestle  man. 
Trkstle  man.    One  who  unloads  coke,  limestone,  and  ore.    Keeps  bins  poke<l 

down. 
Trough  man.    One  who  takes  care  of  runner  at  plg-castlng  machine  while  Iron 

Is  being  poured  from' ladle  cars;  bars  out  scrap  and  keeps  nose  clean ;  pre- 
pares runner  for  next  cast. 
Turn  man.    An  employee  who  works  regularly  at  various  stated  occupations  six 

days  a  week,  enabling  each  of  the  six  men  he  relieves  to  get  off  one  day  in 

seven.    Gast-house  turn  man  may  work  ns  hot-blast   man,   keeper,   first 

helper,  second  helper,  monkey  boss,  and  cinder  snapper. 
Tuy£re  man.    Fits  up  tuyeres,  plates,  and  coolers  and  tests  them,  to  have  them 

ready  for  replacement  In  furnace  on  short  notice.    Ghanges  bronze  when 

It  cracks  or  Is  burnt. 
Water  tendeb.    A  boiler-house  employee  attending  to  feed  water  of  boilers,  and 

usually  also  to  blow-off  valves.    Frequently  Is  foreman  of  the  house  and 

has  charge  of  gas. 
Welshman.    A  heavy  steel  ring  about  3  or  4  Inches  inside  diameter,  used  in 

withdrawing  a  bar  which  Is  stuck  or  frozen  In  a  skull  of  iron.    The  ring 

is  placed  on  the  bar,  a  wedge  inserted,  and  the  bar  backed  out  by  sledging 

on  the  wedge. 
Winding  bab.    The  appliance  on  drop-bottom  cars  by  which  the  doors  are  closed 

and  held  tight 
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from 40 

Clay  gun.    See  Mud  gun. 
Cooling  equipment,  changing  of,  ac- 
cidents in 37.  38 

Crane  cab,  guarded,  stairway  from, 

▼lew  of 130 

Crane  hoist,  guarded,  description  of.       130 

view    of 130 

handling  of 68 

Injuries  caused  by 67,112.117 

duration  of 116 

inspection  of 75.  142 

6ee  also  Locomotive  crane. 
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Ditches,  falling  into,  injuries  from 112 

protection  of 104 

working  in,  injuries  from 103 

Drills  for  tapping  hole 48.  49 

Injuries  from ....... 48 

precautions  in 48,  49 

Dust  catchers,  sprayers  at,  need  of.-  63 

D. 

Education  In  safety  methods 132.  138 

▼alue  of 181 

Electrical  accidents,  injuries  from 16. 16, 

88 

occurrence   of 27,28 

prevention    of 16,29,90,01 

Electrical    equipment,    handling    of. 

accidents  from 108 

precautions  in ......  93. 108 

injuries  from .-.«.-  114.117 

duration  of ......       116 

safeguards  for 108 

Emery  wheels,  injuries  from 94.  113 

Employees,   blast  furnace,  character 

of 137.   138 

disciplining  of 135 

physical  examination  of i:t6.  137 

Engine  room,  accidents  in 117 

safeguards  for ... ..       127 

Inspection  of . 141 

Engines,  injuries  caused  by 113 

Explosion  doors,  leaky,  as  cause  of 

asphyxiation 86 

shields  for . . 97 

Explosions,  injuries  from..  80,  82, 112, 113 

prevention  of 72.  76,  78,  79 

safeguards  against 32 


Pais.. 
Explosives,  froien,  dangers  in  usAn^        19 

thawing  of 19 

injuries  caused  by 118, 117 

duration  of*. 116 

Eyesight,  dust  from,  injuries  caused 

by 87, 38 


F. 


Falling  or   flying  material.   Injuries 

caused  by 17,19,28, 

33,  56,  68, 102.  Ill,  117 

duration  of .....      116 

prevention  of 34 

Falls  of  person,  injuries  from 17, 18,  68. 

89. 108,  109, 112, 117 

duration  of lie 

prevention  of 61,91,110 

Flue-dust,  handling  of,  dangers  in..         99 

precautions  In :. 63 

hot,  injuries  from 23. 

62,03,81.  83,  115,  117 

duration   of 116 

prevention  of .S7 

wetting  of,  need  for .        26 

Foreman,  responsibility  of .       120 

safety  work  by,  need  of 136 

Furnaces,  safety  equipmsnt  of .        97 

work  in.  Injuries  during 33.34 

Furnace  design,  development  of 4,  5 

improvements  in 5.6 

Furnace    shell,     work    on.     Injuries 

from 33,  M 

Furnace  stack,  safeguards  for 124 

Furnace  top,  accidents  at .30,  33, 117 

falls  from 112 

gas  explosions  at.  Injuries  from.       113 

precautions  against 32 

safeguards  for . 123, 124 

signal  at,  need  of 31 

working  on,  precautions  In 107 


O. 


Oage  glass,  insertion  of.  care  la 87,88 

Gage-glass  guards,  need  for 87 

Gas,  escape  at  gas-engine  basements.  89. 90 
in     furnace,     lighting     of,     In- 
juries  from . 113 

precautions  in  .......  81, 86 

in  stove,  explosion  of .....  82 

See  aleo  Asphyxiation. 
Gas  explosions.     See  Explosions. 

Gas  main,  as  cause  of  aspyhxlatlon.  8S 

explosions  at,  Injures  from 113 

inspection  of 141 

Gas-main  system,  accidents  at  .. 77, 117 

prevention  of ..— 78 

control  of,  need  for .........  8.9 

explosions  in -.-^.-.-.-.  78,  79 

safeguards  for ... 126 

Gas  scrubbers,  asphyxiation  at 105 

Gas  seal,  burning  of  gas  in,  need  of.  31 
Gas-seal  doors,  opening  of,  precau- 
tions In 81,82 

Gas  washers,  safeguards  for 126 
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Page. 

<3tte,  "  punch  out,'*  accident  from r>4 

raising  of ..         58 

G«rwig  clay  gun,  operation  of-. 44 

Gloves,  safety,  need  of 42,81,  103 

Goggles,  breaking  of,  injury  from 93 

need    of 34,  50,  54,  59,  GO.  65,  71,  81 

objection  to , -         71 

selection   of - - 94 

H. 

Hand  labor,  injuries  in.  IS,  20.  26,  68,  117 
details  of ^       110 

duration   of 116 

need  of  safety  instrpction  in 02 

Hand  leathers,  safety,  value  of 17, 

18.21,26,  103 
Hand  tools,  injuries  from..  20,  26.  Ill,  117 

duration   of 116 

prevention  of - . -         92 

ose  of .  8 

Hearth  breakouts,  occurrence  of 6 

Hoist,  accidents  at 28.29 

prevention   of 28 

electric  safety  devicea  for 106 

Injuries  from 112, 117 

duration  of . 116 

inspection  of 140, 141,  142 

men  riding  on,  objections  to 28 

safety  devices  for 28,  29, 106 

signals   for 28 

Hoist  house,  safeguards  at 123 

Hoisting,  accidents  in 97,  98,  99, 105 

prevention  of 105 

Hoisting  buckets,  safety  books  for 181 

view  of 72 

Hot-blast  line,  relief  valve  on,,  use  of.  46, 47 

I. 

Infection  of  wounds,  danger  from 27 

injuries  resulting  from 13, 

20,  27,  80,  60,  69.  70,  78» 
77.  70,  88,  98,  96.  114,  117 

duration  of - .....       116 

redaction  oi ........       134 

lojnries.  loss  of  time  from .. 134 

sligtit,  need  of  reporting 142.  143 

need  of  treatment  for 27 

Intoxication  as  cause  of  accidents.  1.S5, 136 

Iron,  disposal  of,  safeguards  for^ 120 

molten,  explosions  from 44,  45,  46 

L. 

Ubor  supply,  character  of .....     9,  10 

nationality  of 10 

laborer,  hand,  experience  of 13,  14 

laborers,  experience  of,   relation  of 

•  accidents  to 13,14 

Udders,  construction  of 100 

falls  from.  Injuries  caused  by.  28,  112 

Inspection   of 142 

safeguards  for 29,128 

safety  hooks  for,  need  of 29 

with  guard  plates,  view  of 130 

working  on,  precautions  in 86,  100 


Page. 
Ladle  house,  accidents  in,  prevention 

of 74.  75 

inspection  of 141,142 

Ladles,  cleaning  of,  injuries  from 112 

hand,  use  of,  injuries  from 112 

See  alao  Thimble. 

Larry  car,  development  of ' ....  7 

improved  fender  for,  need  of .         15 

injuries  from 24, 113,  117 

precautions  in  operating ..  22,  25 

safeguards  for ... ..       122 

signals  for,  need  of . . 26 

value  of .  7 

Lectures,   on   safe  practices,   advan- 
tage of 188 

Lighting  of  blowing  room,  proper 92 

of  boiler  houses,  proper ...         85 

Linings,  furnace,  defecta  in.. 6, 6 

Locomotive    crane,    injuries    caused 

by 09, 118 

safeguards  for . 130 

view  of 130 

M. 

Machinery,  injuries  caused  by.. 113, 117 

duration  of 116 

oiling  of,  precautions  In 16 

See  also  Electric  machinery  and 
machinery  named. 

Masks,  welder*s,  use  of.. . 41, 42 

Metal,  hot,  bums  from 112, 117 

duration  of  Injury 116 

pouring  of.  explosions  In..         72 

pr<ioautions  In 93 

Molds,  wet,  explosions  caused  by 72 

Mud  gun,  automatic,  advantage  of..        44 

definition  of 146 

handling  of.  injuries  from 42,  43 

precautions  In 43-45 

shield  for . 46 

view  of ......         46 

See  oiso  Berg  gun. 

O. 

Oil  switch,  guard  for,  view  of 130 

Ore,    frosen,    unloading    of,    precau- 
tions In 19 

unloading  of.  Improved  methods 

for 7 

Ore-bin    chutes,    steel    platform    at, 

view   of - 18 

Ore  bridge,  definition  of , 146 

development  of . ..«  ^-.  7 

Injuries  at 15,  16 

causes  of .. . . '^  117 

safeguards  for .. 122 

view  of 10,  130 

safety  cages  at,  need  of 17 

Ore-bridge  cranes,  precautions  in  op- 
erating   16 

Ore  pockets,  pulleys  and   gears   on, 

guards  for 130 

view  of ...  130 

Ore  trestles,  belts  at,  need  of ...  18 

injuries  at ...  18 


154 


INDEX. 


Ore  yard,  hazards  at 

Organization,    for    accident    preven- 
tion, value  of 


Page. 

15 

131 


P. 

Pavements,  accidents  from..  102, 103. 117 

Picking  rod.  de&nltlon  of ." 140 

use  of,  hazard  from 53 

precautions  In 54 

Pig-casting    plant,    safeguards    for, 

view  of 72 

Pig  machine,  accidents  at 117 

Inspection  of 141 

prevention  of 71 

pouring  at,  injuries  from U2 

worlcing  about,  injuries  in 60.70 

safeguards   in 70,71 

Pumps,  Injuries  caused  by 113 

Q. 

Quenching  pit,  accidents  nt 74 

capacity    of 74,73 

definition    of 140 

R. 

Railroads,  injuries  caused  by 22, 

100.  113,  117 

duration  of 116 

inspection  of 142 

Roofs,  falls  from 112 

prevention  of - 110 

work  on,  precautions  in 61 

Runners,  accidents  at —  51.  r)4,  55.  112,  117 

causes  of I -       117 

prevention  of 52,63 

boils    in 52.53.57 

cleaning  of,  injuries  from 112 

dry.  need  of 57 

shields  for,  need  of 02,  53 

8. 

Safeguards,  efficiency  of 121 

lack  of,  accidents  caused  by 121 

list   of 122-128 

precautions  in  using 128.  11:1) 

relative  value  of 131 

Bee  also  safej^uards  named. 
Safety    committee   of   workmen,    ad- 
vantage of- 71 

importance  of --       138 

methods  of  organizing . ..       138 

work   of 130 

difficulties  in 139 

outline  of 140-142 

Salamander,  blasting  of,  safetfuards 

in,   view   of 36 

springing  holes  In,  fatality  from.         35 

precautions  in 35,  30 

Scaffold,  breoklng  of,  injuries  caused 

by 112 

construction  of»  precautions  in-        34, 

85,  78, 100 


Page. 

Scaffold,  injuries  from ..:; 

Inspection  of 25.35,142 

safeguards  for 128 

view  of 34 

Scrap,   handling  of,   injuries  from 20, 

21,24,26.  54,55.60.110 

Sewers,  accidents  in 103,117 

Shoes,  defective,  injuries  caused  by.       110 

proper,  need  of 50,  65.  71,  72, 04 

Shops,  accidents  In 02,93,04,117 

safeguards  for 04 

'Shutters,  operation  of 57 

injuries    from._  52,  64,  56,  57, 112 

Sign  at  blast-furnace  plant 120 

at    railroads,    illuminated,    need 

of 102 

for  accident  prevention,  posting 

of 133 

Signal  at  furnace  top,  need  of 31 

at  railroad  tracks 101 

for  hoist,  need  of  observing 28 

for  larry  cars,  types  of 20 

protection  of,  need  for 40 

Sinter,  hot,  dumping  of.  Injury  from.         24 

Skip  cars,  safety  devices  for 20 

working  about,  accident  In 24 

Skip  incline,  protected,  view  of 30 

safeguards  at 107.  IL':J 

Skip  pit,  accidents  at 27. 1!8 

definition  of 140 

wide,  need  of 20 

Skip  stops,  automatic,  use  of lott 

Skull,   definition   of 140 

of  ladle,   removal  of 00 

Skull  cracker.     See  Skull  drop. 

Skull  drop,  definition  of 147 

operation  oU  injuries  in 76 

safeguard    for 76 

Slag,  handling  of.  accidents  in.  64.  C5. 117 

safeguards  used  in 1-7 

Slips,  injuries  caused  by 115. 1 17 

duration   of 110 

Splasher,  removal  of,  accident  from.        51 

precautions  in 53 

Stairs,  construction  of .•...^.        80 

view  of 86 

Steam,  injuries  caused  by 28. 

38,  42,  43,  79.  83,  06. 103, 115 

duration  of 110 

prevention    of 30 

Stock  house,  accidents  about.  23,  24. 25-27 

InspecUon   of .^__       140 

safeguards  at .'  122. 12:; 

Stove,  cleaning  of.  accidents  in 80.117 

precautions    '^ 82 

flue  dust  about,  injuries  from SI 

gas  r.sphyzlatlon  at 7i> 

cau»>^H  of . _- S'> 

improveuifuu   in — — ^ 

Inspecrlon   or 141 

safeguards  for 127 

working  about,  precautions  In 80 

Stove  counterweight,  guard  for,  view 

of 80 
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T. 

Page, 
lapping  bar,    handling  of»    Injuries 

from 47,  49,  50 

Bee  ateo  Picking  rod. 

Tapping  hole,  accidents  at 42,  43,  117 

drilling  of,  shield  osed  In,  rlew 

of 46 

ezplosiona  at  .. .......  44,  45,  46 

flying  material  fmm  59 

opening  of,  drills  for . 48,  49 

injuries  from 47,  48, 112 

working  about,  precautions  In 50,  51 

Tblmble,  precautions  in  handling 65 

See  also  l4id]e. 

Tbols,  defective,  injuries  caused  bj 48 

Bee  olao  Hand  tools. 
Torches,     explosions     of,     accident 

from 74 

causes  of 75 

injuries  caused  by 23,52,  113 

Tacks,  accidents  at 97,  98,  117 

need  of  guards  at 101 

safeguards  for 128 

view  of 86,  102 

working  about,  dangers  in 99 

Tnstle,  accidents  at 117 

falls  from,  injuries  caused  by 112 

inspection  of j^ 140 

safeguards  for . 122 

▼lew  of . ....        18 

Bee  dUo  Ore  trestle. 
Trestle  walk,  wide,  need  of 23 

79704'— 17— Bull.  140 ^11 
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Trough,  accidents  about -. 51,  62 

cleaning  of,  injuries  from 112 

draining   of 58,59 

dry,  need  of 57 

water  in,  injuries  from ....       112 

Tuytoe,  accidents  at .. 117 

bursting,  danger  from 40 

injuries  caused  by 112 

changing  of,  injuries  caused  by-         38 

precautions  in 39 

claying  of,  accident  in 38 

flames  from,  injuries  caused  by.       118 
plugged,    cleaning    of,    injuries 

from . 38-40 


W. 


Water,  drinking.  In  cast  house,  need 

of 56 

hot,  injuries  caused  by 24,  38,  42, 

69,  74,  88,  89.  96, 103, 116 

duration   of 116 

Wrenches,  car,  accidents  caused  by.  20,  21 
safety,  need  of  using 21, 22 

Y. 

Yards,  accidents  at 94, 96, 117 

prevention    of .. . 96 

inspection  of .... 142 

safeguards  for ...  96,97,128 
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INTRODUCTION. 

Probably  no  year  in  the  history  of  the  United  States  showed 
greater  progress  in  the  mineral  industries  than  1916.  Although  this 
progress  was  undoubtedly  stimulated  by  the  war  in  Europe,  which 
caused  extremely  high  prices  for  some  of  the  metals,  yet  the  fact 
remains  that  mining  is  being  regarded  more  as  a  business  and  less  as 
a  speculation,  and  the  benefits  of  business  methods  are  becoming 
evident.  Practices  that  were  almost  universal  a  few  years  ago  have 
been  largely  abolished,  the  mining  public  has  been  brought  to  recog- 
nize the  folly  of  wasteful  and  dangerous  methods,  and  there  is  a 
gratifying  unanimity  of  opinion  in  regard  to  the*  conservation  of 
life  and  health,  as  well  as  of  our  mineral  resources.  The  people  of 
the  United  States  realize  more  fully  than  ever  before  the  extent  and 
value  of  the  country's  mineral  resources  and  the  possibilities  that 
await  intelligent  and  well-directed  efforts  at  utilization. 

In  the  past,  economic  reasons  caused  deposits  of  valuable  metals 
and  industrial  materials  to  lie  idle;  commercial  reasons,  many  of 
them  not  truly  economic,  led  to  the  waste  of  valuable  constituents  in 
many  ores ;  the  recovery  of  minerals  from  the  ground  was  too  often 
incomplete  and  accompanied  by  uncalculated  loss;  and  the  treatment 
of  ores  in  mills  and  smelters  saved  altogether  too  low  a  proportion  of 
the  metals  sought. 

Now  better  methods  are  being  tried  on  every  hand,  and  the  un- 
paralleled record  of  the  year  is  largely  due  to  the  success  of  these 
efforts.  According  to  the  preliminary  estimates  of  the  United  States 
Geological  Survey  the  output  of  metals  and  minerals  in  this  country 
in  the  calendar  year  1916  had  a  total  gross  value  of  slightly  more 
than  $3,000,000,000.  For  many  metals  and  minerals  the  figures  broke 
all  previous  records,  the  new  records  of  some  products,  as  compared 
with  1915  figures,  being  as  follows: 
87068*— Bull.  141—17 1 
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Production  of  certain  metals  in  1916  as  compared  with  1915. 


Uetal. 


1915 


Minguese,  tons 9, 709 

Iron,  tons 55.403,100 

Coal,  tons i  531,610,487 

Cement,  borrols 86,891,681 

Coimer,  pounds »  1,888,000,000 


Leu,  tons 
ZUic,tons 


561,639 
606,915 


27,000 

75,500.000 

507.500,000 

94,508,000 

1,988,000,000 

622,000 

708,000 


Increaae. 


Per  en/, 

34 
12 

e.1 

1.4 
10 
6.6 


The  Bureau  of  Mines,  under  the  terms  of  its  organic  act,  as 
amended,  is  endeavoring  to  iocrease  the  safety  and  health  of 
workers  in  the  mineral  industries  and  to  promote  greater  eflicicncy 
and  the  prevention  of  waste  in  the  mining,  preparation,  and  utiliza- 
tion of  the  mineral  resources  in  the  United  States.  Although  diffi- 
culties have  had  to  be  overcome,  and  the  available  funds  have  been 
insufficient  to  meet  all  the  demands  made  of  the  bureau,  it  is  believed 
that  the  work  accomplished  by  the  bureau  has  kept  pace  with  the 
progress  of  the  mineral  industry  as  a  whole.  The  increase  of  effi- 
ciency and  the  lessening  of  waste  in  mining  are  of  high  importance, 
and  investigations  with  these  ends  in  view  have  been  furthered  to  the 
utmost,  but  such  work  must  necessarily  come  second  when  there  is 
opportunity  for  work  that  will  increase  the  safety  and  health  of  the 
workers  in  mines  and  mills. 

This  bulletin  describes  in  some  detail  the  more  important  work 
done  by  the  Bureau  of  Mines  during  1916  in  efforts  to  increase  safety 
and  efficiency  in  the  mineral  industries.  The  purpose  and  organiza- 
tion of  the  bureau  and  a  review  of  its  work  for  each  fiscal  year  are 
presented  in  the  annual  reports  of  the  director.  Those  reports  are 
necessarily  summarized ;  they  can  not  give  full  details  of  noteworthy 
experiments  nor  describe  at  length  new  and  improved  equipment, 
apparatus,  and  devices  that  are  being  used  by  the  bureau  or  have  been 
devised  by  its  engineers  and  chemists.  This  bulletin  gives  descrip- 
tions of  some  noteworthy  safety  devices  and  discusses  in  fuller  detail 
than  the  annual  reports  the  relation  of  the  bureau's  work  to  the  gen- 
eral problems  of  safety  and  efficiency  in  the  mineral  industries  and 
the  significance  of  the  results  that  the  bureau  has  been  able  to  achieve. 

In  order  that  the  scope  of  the  bureau's  activities  may  be  brought 
out  as  clearly  as  possible,  and  in  order  to  show  how  these  activities 
apply  to  mining  and  other  mineral  industries,  the  discussions  and 
descriptions  given  in  this  bulletin  are  grouped  mostly  according  to 
the  investigations  carried  on  by  the  several  divisions  of  the  bureau, 
as  follows:  Mining,  fuels  and  mechanical  equipment,  mineral  tech- 
nology, petroleum  technology,  and  metallurgy. 


MINING  INVESTIGATIONS. 

Under  the  general  title  of  mining  investigations  are  included 
accounts  of  the  educational  and  life-saving  work  done  through  the 
mine  safety  cars  and  stations;  field  investigations  of  ooal  and  metal 
mines,  with  respect  to  the  health  and  safety  of  miners  and  the 
efficiency  of  the  mining  methods  in  reducing  or  preventing  waste  of 
mineral  resources;  and  the  Government  inspection  of  mines  on  Indian 
lands  and  of  mines  in  the  Territory  of  Alaska. 

UNE-SAFETT  DTVESTIOATIOH. 

NEED  OF  SAFETY  MEASTTBES. 

To  show  the  need  that  has  existed  for  energetic  efforts  to  reduce  the 
loss  of  life  at  mines  in  the  United  States,  a  brief  summary  of  the 
fatalities  in  coal  mining  will  suffice. 

The  United  States  has  produced  9,838,300,000  tons  of  coal  under 
inspection  since  the  first  inspection  law  was  enacted  in  1870.  Com- 
plete records  for  this  production  show  that  54,453  men  have  been 
killed  by  accidents  while  mining  coal. 

The  number  of  men  engaged  in  the  production  of  this  amount  of 
coal  represents  the  equivalent  of  an  army  of  16,500,000  men  engaged 
for  1  year.  The  number  of  men  killed  per  1,000  employed  during 
the  46-year  period  was  3.30.  For  every  10,000,000  tons  of  coal  pro- 
duced 65  lives  were  lost,  or  a  production  of  180,676  tons  for  each 
fatality. 

That  the  accident  rate  is  being  reduced  is  evidenced  by  the  fact 
that  the  fatality  rate  in  1915  per  1,000  men  employed  was  2.95, 
which  was  the  lowest  recorded  since  1898.  The  production  of  coal  per 
fatality  in  1915  was  228,600  tons,  which  was  the  largest  production 
per  fatality  during  the  history  of  coal  mining  in  the  United  States. 
The  number  of  men  at  present. enrolled  in  the  coal-mining  industry 
is  approximately  765,000  a  year.® 

The  conservation  of  human  life  in  mines  and  industrial  plants  is  of 
paramount  importance  and  is  being  considered  by  legislative  bodies, 
labor  organizations,  captains  of  industry^  and  individual  employees. 
Every  fatal  accident  leaves  its  impress  on  the  community  in  the 
loss  of  a  useful  citizen  and  the  provider  for  a  family,  with  the 
result  that  many  widows  and  orphans  are  rendered  public  charges 
for  which  taxpayers  must  contribute  support.    The  sufferings  and 

•Fay,  A.  TL,  Goal-mliie  Vitalities  In  the  United  States,  1870  to  1914,  with  statlitics 
of  coftl  prodnctioii,  labor,  and  mining  methods,  by  States  and  calendar  years:  Bnll.  116, 
Boreaa  of  Mines,  1916,  370  pp.,  8  pis.,  18  figs. 
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privations  borne  by  many  of  the  dependents  can  not  be  measured 
by  words  nor  compensated  by  a  money  equivalent. 

Here  is  an  industry  employing  765,000  men,  of  whom  3  out  of 
every  1,000  are  killed  each  year,  and  at  least  180  per  1,000  are 
injured  to  the  extent  that  time  is  lost  and  in  most  cases  medical 
attendance  requested.  A  reduction  of  50  per  cent  in  the  number 
of  fatalities  would  result  in  an  annual  saving  of  fully  1,200  lives, 
to  say  nothing  of  the  reduction  in  injuries  and  sufferings  now  sus- 
tained by  nearly  150,000  unfortunates.  From  the  point  of  view  of 
the  humanitarian,  no  greater  good  for  the  industry  can  be  accom- 
plished than  to  effect  this  reduction,  and  it  is  to  this  end  that  the 
Bureau  of  Mines  is  conducting  its  campaign  of  education  and  safety 
first.  Experience  is  showing  that  accidents  may  be  reduced  in  num- 
'  ber,  although  they  can  not  be  eliminated  entirely. 

EDT7CATI0NAL  FEATT7BES. 

No  method  adopted  by  the  bureau  for  the  purpose  of  interesting 
the  miner  in  mine-safety  work  has  been  received  with  greater  en- 
thusiasm or  more  widespread  appreciation  than  that  of  illustrated 
lectures.  The  giving  of  such  lectures  is  part  of  the  duties  of  every 
field  man  of  the  bureau. 

So  great  has  been  the  demand  from  both  operators  and  miners 
p  for  these  lectures  that,  because  of  lack  of  sufficient  funds,  the  bureau 
has  not  been  able  to  meet  it  fully.  Both  lantern  slides  and  motion 
pictures  are  used  to  illustrate  different  phases  of  coal  and  metal 
mining,  sanitary  and  welfare  work  in  mining  communities,  rescue 
and  recovery  work,  and  first-aid  demonstrations. 

Over  43,000  persons  attended  the  lectures  of  the  bureau's  field  men 
during  the  fiscal  year  ended  June  30^  1916,  and  it  is  felt  that  the 
deep  interest  manifested  by  both  the  miner  and  operator  is  evidence 
that  much  good  has  resulted. 

This  work  is  only  in  its  infancy,  and  as  the  field  is  broad  it  will 
probably  demand  more  attention  each  year. 

MINE  SAFETY  CABS  AND  STATIONS. 

For  the  purpose  of  training  miners  in  first  aid  to  the  injured  and 
in  the  use  and  care  of  mine  rescue  apparatus  and  for  facilitating 
investigations  of  mine  disasters  the  bureau  maintains  five  stations 
and  eight  mine  safety  cars  in  the  coal  and  metal-mining  regions 
of  the  United  States.  The  headquarters  of  the  different  cars  are 
situated  as  follows:  Himtington,  W.  Va.;  Evansville,  Ind.;  Iron- 
wood,  Mich. ;  Pittsburgh,  Kans. ;  Butte,  Mont. ;  Beno,  Nev. ;  Raton, 
N.  Mex.;  and  Pittsburgh,  Pa. 

The  mine  safety  stations  are  at  Pittsburgh,  Pa.;  Jellico,  Tenn.; 
Seattle,  Wash. ;  McAlester,  Okla. ;  and  Birmingham,  Ala.    Each  sta- 
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tion  is  in  charge  of  a  foreman  miner,  who  gives  both  mine  rescue  and 
first-aid  training. 

The  mine  safety  cars,  some  of  which  were  Pulhnan  sleeping  cars 
(see  PL  1,-4)  and  some  of  which  were  specially  built  for  mine  safety 
service,  now  have  accommodations  for  about  12  persons  besides  ap- 
paratus for  use  after  mine  disasters  and  for  first-aid  and  rescue  train- 
ing. The  cars  are  transported  free  of  cost  to  the  Government,  grate- 
ful acknowledgment  being  herewith  made  to  the  following  companies 
for  their  cooperation  in  this  regard : 

RaUroads  toith  which  the  Bureau  of  Mines  has  special  arrangements  for 

handling  mine  safety  cars. 

[In  effect  during  1916.] 

Alabama  Great  Southern  Railroad. 

Ailaooa  &  New  Mexico  Railway. 

Arizona  Eastern  Railroad. 

Arkansas  Central  Railroad. 

Atchison,  Topeka  &  Santa  Fe  Railway. 

Baltimore  &  Ohio  Railroad. 

B^lefonte  Central  Railroad. 

Bessemer  &  Lake  Erie  Railroad. 

Buffalo,  Rochester  &  Pittsburgh  Railway. 

Buffalo  &  Susquehanna  Railway. 

Butte,  Anaconda  &  Pacific  Railway. 

Canon  City  &  Cripple  Creek  Railroad.  • 

Carolina,  Clinchfield  &  Ohio  Railway. 

Central  of  Georgia  Railway. 

Central  Railroad  of  New  Jersey. 

Chesapeake  &  Ohio  Railway. 

Chicago,  Burlington  &  Quincy  Railroad. 

Chicago  &  Eastern  Illinois  Railroad. 

Chicago  &  North  Western  Railway. 

Chicago  Great  Western  Railroad. 

Chicago,  Indianapolis  &  Louisville  Railway. 

Chicago,  Milwaukee  &  Puget  Sound  Railway. 

Chicago,  Milwaukee  &  St.  Paul  Railway. 

Chicago,  Rock  Island  &  Pacific  Railway. 

Chicago,  Terre  Haute  &  Southeastern  Railway. 

Cincinnati,  New  Orleans  &  Texas  Pacific  Railway. 

Cincinnati  Southern  Railroad. 

Coal  &  Coke  Railway. 

Colorado  Midland  Railway. 

Colorado  &  Southeastern  Railway. 

Colorado  &  Southern  Railway. 

Colorado  Springs  &  Cripple  Creek  District  Railway. 

Colorado  &  Wyoming  Railway. 

Columbia  &  Puget  Sound  Railroad. 

Cripple  Creek  &  Colorado  Springs  Railroad. 

Crystal  River  Railroad. 

Cumberland  &  Pennsylvania  Railroad. 

Delaware  &  Hudson  Railroad. 

Delaware,  Lackawanna  &  Western  Railroad. 

Denver  &  Rio  Grande  Railroad. 

Detroit,  Toledo  &  Ironton  Railroad. 

Duluth  &  Iron  Range  Railroad. 

Duluth,  Missabe^  Northern  Railroad. 

Duluth,  South  Shore  &  Atlantic  Railway. 

El  Paso  &  Southwestern  Railroad. 

Erie  Railroad* 
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Evansvllle  &  Terre  Haute  Railroad. 

Florence  &  Cripple  Creek  Railroad. 

Fort  Smith,  Subiaco  &  Eastern  Railroad. 

Fort  Smith  &  Western  Railroad. 

Golden  Circle  Railroad. 

Great  Northern  Railway. 

Hocking  Valley  Railway. 

Illinois  Central  Railroad. 

Kanawha  &  Michigan  Railway. 

Kansas  City,  Mexico  &  Orient  Railroad. 

Kansas  City  Southern  Railway. 

Lackawanna  &  Wyoming  Valley  Railroad. 

Lake  Superior  &  Ishpeming  Railway. 

Lehigh  Valley  Railroad. 

Louisville,  Henderson  &  St.  Louis  Railway. 

LcmisviUe  &  Nashville  Railroad. 

Midland  Terminal  Railway. 

Midland  Valley  Rairoad. 

Mineral  Range  Railroad. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railway. 

Mississippi  River  &  Bonne  Terre  Railway. 

Missouri,  Kansas  &  Texas  Railway. 

Missouri  &  North  Arkansas  Railroad. 

Missouri,  Oklahoma  &  Gulf  Railway. 

Missouri  Pacific  Railway. 

Mobile  &  Ohio  Railroad. 

Monongahela  Railroad. 

Montana,  Wyoming  &  Southern  Railroad. 

Munising,  Marquette  &  Southeastern  Railway. 

Nashville,  Chattanooga  &  St.  Louis  Railway. 

New  York  Central  Lines. 

Kew  York,  Ontario  &  Western  Railway. 

Norfolk  &  Western  Railway. 

Northern  Pacific  Railway. 

Oregon  Short  Line. 

Oregon-Washington  Railroad  &  Navigation  Co. 

Pennsylvania  Railroad. 

Philadelphia  &  Reading  Railway. 

Pittsburgh,  Shawmut  &  Northern  Railroad. 

Queen  &  Crescent  Route. 

Quincy,  Omaha  &  Kansas  City  Railroad. 

Ray  &  Gila  Valley  RaUroad. 

Salt  Lake  Route. 

San  Pedro,  Los  Angeles  &  Salt  Lake  Railroad. 

Santa  Fe,  Raton  &  Eastern  Railroad. 

Southern  Indiana  Railway. 

Southern  Pacific  Railroad. 

Southern  Railway. 

Southern  Railway  in  Mississippi. 

St  Louis  Southwestern  Railway. 

St.  Louis  &  San  Francisco  Railroad. 

St  Louis,  El  Reno  &  Western  Railway. 

St  Louis,  Rocky  Mountain  &  Pacific  Railway. 

Tacoma  Eastern  Railroad. 

Tennessee  Central  Railroad. 

Texas,  St  Louis  &  Western  Railroad. 

Toledo,  Peoria  &  Western  Railway. 

Toledo,  St.  Louis  &  Western  Railroad. 

Union  Pacific  Railroad. 

United  Verde  &  Pacific  Railway. 

The  Virginian  Railroad  Co. 

Virginia  &  Truckee  Railway. 

Wabash  Railroad. 

Western  Maryland  Railway. 

Western  Pacific  Rallwav. 

Wheeling  &  Lake  Erie  Railroad. 

Wichita  Falls  Route. 


A.     INTERIOR  OF  BUREAU  OF  MINES  MINE-SAFETY  CAA. 


MINING  INVESTIGATIONS.  7 

Each  car  when  fully  manned  has  a  foreman  miner  to  give  training 
in  modem  safety  and  rescue  methods,  a  first-aid  miner  to  give  train- 
ing in  first  aid  to  the  injured,  and  a  district  mining  engineer  and 
a  surgeon  to  confer  with  mine  operators,  mine  physicians,  and  others 
in  their  investigative  work. 

The  cars  are  in  charge  of  practical  men,  and  when  funds  are  avail- 
able for  their  operation  they  move  about  through  the  various  fields, 
arousing  interest  in  the  movement  for  greater  safety  in  mining. 

In  addition  to  the  cars  and  stations,  three  motor  trucks  have  been 
added.  The  trucks  are  each  equipped  with  10  sets  of  rescue  apparatus 
and  supplies  sufficient  for  48  hours  of  continuous  apparatus  work. 
One  is  stationed  at  Pittsburgh,  Pa.,  one  at  Birmingham,  Ala.,  and  one 
at  Seattle  Wash.  They  are  of  special  value  for  giving  aid  after 
accidents  in  mines  within  a  radius  of  40  or  60  miles  of  their  head- 
quarters, as  they  can  give  efficient  service  on  short  notice,  carrying  to 
a  disaster  a  rescue  crew  of  10  men  ready  for  duty. 

KINEBESCXrS   AND    ITB8T.AIB   TBAINIKQ    WOBX    DtTBTNO    ONE 


During  the  period  in  which  the  crews  of  the  bureau's  mine  safety 
cars  and  stations  conducted  active  training  in  the  fiscal  year  ended 
June  30,  1916,  62,693  miners  visited  the  cars  and  stations,  43,060 
attended  lectures  and  safety  demonstrations,  285  received  mine 
rescue  training,  5,598  were  given  first-aid  instruction,  and  2,610  re- 
ceived both  first-aid  and  mine  rescue  training,  the  total  number 
trained  being  8,493,  which  is  an  increase  of  494  over  the  previous 
year.  A  still  better  showing  would  have  been  made  had  it  not  been 
for  the  fact  that  many  of  the  cars  were  in  the  shops  for  repairs  for 
a  part  of  the  time. 

The  training  is  well  received  throughout  the  country;  in  fact,  in 
Pennsylvania  there  have  been  numerous  calls  for  mine  rescue  instruc- 
tion which  the  bureau  has  not  been  able  to  satisfy,  owing  to  its 
meager  force. 

It  might  be  mentioned  that  the  casualty-insurance  companies  have 
recognized  the  value  of  the  bureau's  first-aid  and  rescue  training 
by  making  reductions  in  their  rates  for  any  mine  that  has  a  certain 
number  of  men  trained  by  the  bureau.  This  action  has  stimulated 
the  desire  for  training  and  will  undoubtedly  further  stimulate  it 
as  compensation  laws  and  mine  insurance  become  more  general. 

The  individual  miner  has  recognized  the  value  of  the  first-aid  work 
not  only  to  his  fellow  miners  but  also  to  himself,  for  he  realizes  that 
a  knowledge  of  first  aid  may  some  day  enable  him  to  save  his  own 
life  or  the  life  of  some  member  of  his  immediate  family  through 
the  prompt  control  of  arterial  bleeding  or  the  protection  of  wounds 
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to  prevent  infection.  It  is  perhaps  largely  because  the  training 
offers  something  he  considers  of  personal  benefit  that  the  miner  has 
taken  so  enthusiastically  to  the  Work,  and  in  many  fields  the  in- 
structors have  had  classes  of  50  to  100  men  at  night  Ordinarily 
these  men  take  the  training  at  night  on  their  own  time  and  after 
they  have  done  a  hard  day^s  work  in  the  mines.  In  addition,  many 
walk  3  or  4  miles  from  their  homes  to  the  cars  at  which  the  instruction 
is  given. 

During  the  past  fiscal  year,  in  many  local.  State,  and  district 
first-aid  meets,  the  bureau's  men  assisted  in  training  competing  teams 
and  in  organizing  the  meets. 

At  each  point  visited  by  the  bureau's  mine  safety  cars  a  first-aid 
society  was  organized;  these  are  making  the  training  of  a  more 
lasting  value  to  the  community  by  insuring  a  continuance  of  the 
instruction. 

Frequently  rescue  maneuvers  are  conducted  undergroimd  after  a 
class  has  been  trained  in  the  use  of  rescue  apparatus.  These  maneu- 
vers are  conducted  under  conditions  representing  as  nearly  as  pos- 
sible those  likely  to  be  encountered  in  actual  rescue  and  recovery 
work.  Plate  I,  B^  shows  a  crew  participating  in  underground 
maneuver& 

FIELD  CONTESTS  IN  MINE  RESCUE  AND  FIRST-AID  METHODS. 

Forty-seven  mine  rescue  and  first-aid  contests  and  field  meets  were 
held  during  the  fiscal  year  1916  under  the  auspices  or  with  the  assist- 
ance of  the  Bureau  of  Mines.  A  few  of  these  contests  were  company 
affairs,  but  most  were  intercompany  or  interstate.  In  many  contests 
the  Bureau  of  Mines  employees  arranged  and  supervised  the  events, 
and  in  nearly  all,  at  the  request  of  the  operators  and  miners,  gave 
the  competing  teams  special  instruction  and  training.  Plate  II,  A^ 
shows  a  first-aid  team  that  has  completed  caring  for  a  "  wounded " 
man  in  a  first-aid  contest. 

These  contests  were  held  at  points  widely  distributed  throughout 
the  United  States  from  Alabama  to  Montana,  demonstrating  the 
interest  and  enthusiasm  of  miners  and  mine  officials  in  carrying 
forward  mine  safety  work  and  in  furthering  the  great  movement  for 
greater  safety  in  mining. 

ACCmENTS  INVESTIGATED  DURING  1016. 

In  the  89  accidents  investigated  by  Bureau  of  Mines  employees 
during  the  fiscal  year  1916  there  were  285  killed,  8,015  escaped 
unassisted,  and  75  were  rescued  through  the  efforts  of  volunteer 
miners,  company  officials,  State  mine  inspectors,  and  company  rescue 
crews. 


A  COMPETING  TEAM  IN  FIRST-AID  WORK. 


B.    RESCUE  CREW  ENTERING  MINE. 
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Of  the  89  ax^cidents  investigated,  68  were  in  coal  mines,  14  in  metal 
mines,  1  in  a  hydraulic  pit,  1  in  a  quarry,  and  1  in  a  strip  pit;  a 
dynamite  explosion  in  the  St.  Louis  sewer  tunnel,  a  cave-in  in  a 
New  York  City  subway,  a  boiler  explodcm,  and  an  explosion  in  the 
new  city  sewer  of  Pittsburgh,  Pa.^  were  also  investigated. 

OPEKATIONS  AT  MINE  DISA8TBBS. 

Besides  giving  training  in  mine  rescue  and  first-aid  work,  the 
engineers,  foremen  miners,  and  first-aid  miners  of  the  mine  safety 
cars  and  safety  stations  investigated  numerous  mine  accidents  and 
assisted  in  actual  mine  recovery  (see  PL  II,  B)  and  first-aid  work 
after  mine  disasters. 

Systematic  methods  of  rescue  and  recovery  work  after  mine  fires 
and  mine  disasters  are  being  improved  each  year,  and  it  is  felt  that 
the  increased  efficiency  of  such 'methods  has  resulted  largely  from 
the  unceasing  efforts  of  the  men  trained  by  the  Bureau  of  Mines  or 
at  State  or  privately  owned  rescue  stationa 

A  fact  worthy  of  emphasis  is  that  during  the  fiscal  year  1916  no 
explosion  occurred  in  which  a  relatively  large  number  of  lives  were 
lost.  The  Bureau  of  Mines,  the  mining  departments  of  the  various 
States,  the  operators,  and  the  miners,  through  concerted  and  per- 
sistent endeavor,  have  brought  about  this  gratifying  result. 

USE  AND  TESTING  07  OXTGEN  BESCUE  AFPA&ATX7S. 

The  value  of  oxygen  rescue  apparatus  is  becoming  more  and  more 
appreciated  for  both  rescue  and  recovery  work  in  mines.  There  has 
been  a  steady  growth  in  the  establishment  of  rescue  stations  through- 
out the  country,  particularly  in  the  western  coal  fields. 

In  training  miners  the  Bureau  of  Mines  teaches  the  use  of  three 
types  of  apparatus — tiie  Draeger,  the  Fleuss,  and  the  Westfalia. 
The  bureau  itself  is  developing  a  fourth  type,  known  as  the  Gibbs. 
Each  of  these  types  has  a  steel  cylinder  containing  oxygen  at  a 
pressure  of  approximately  2,000  pounds  to  the  inch  and  a  reducing 
valve  that  allows  a  definite  quantity  of  oxygen  per  minute,  at  a 
pressure  slightly  above  atmospheric,  to  pass  from  the  cylinder  to  a 
reservoir  from  which  it  is  breathed  by  the  wearer.  The  air  exhaled 
by  the  wearer  flows  through  to  a  compartment  containing  regen- 
erating material,  usually  caustic  soda  (sodium  hydroxide) ,  by  which 
the  carbon  dio2dde  in  the  breath  is  removed.  The  regenerated  air 
joins  the  stream  of  oxygen  from  the  reducing  valve  and  is  breathed 
again. 
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The  possibilities  and  the  limitations  of  such  apparatus  are  becom- 
ing more  thoroughly  understood  from  year  to  year.  However,  dur- 
ing the  fiscal  year  1916  there  were  two  instances  of  men  wearing 
apparatus  to  combat  mine  fireB  with  presumably  little  or  no  previous 
training  in  its  use.  In  another  instance  an  apparatus  party  of  only 
two  men  made  an  exploration  of  considerable  length,  and  one  of  them 
lost  his  life.  Until  such  practices  are  discontinued  the  dangers  inci- 
dent to  wearing  apparatus  in  irrespirable  atmospheres  will  not  be 
reduced  to  the  minimum. 

Some  men  while  wearing  the  apparatus  fail  to  appreciate  the  fact 
that  the  weight  of  the  apparatus  causes  them  to  become  exhausted 
much  more  quickly  than  when  working  without  it. 

During  the  fiscal  year  1916  tests  were  made  with  the  four  types 
of  mine  rescue  apparatus  mentioned  to  determine  the  accumulation 
of  hydrogen  and  nitrogen  in  each  type  when  the  "  oxygen  "  used  was 
similar  to  that  furnished  the  various  rescue  cars  and  stations — that 
is,  oxygen  mixed  with  nitrogen  up  to  3  per  cent  and  hydrogen  up 
to  1.3  per  cent.  In  these  tests  170  samples  were  taken  of  either  the 
original  oxygen  or  of  the  air  breathed  by  the  wearers,  and  the  tests 
indicated  that  oxygen  mixed  with  more  than  0.2  pcx  cent  of  hydrogen, 
or  2.5  per  cent  of  nitrogen,  might  prove  dangerous  for  use  in  mine 
rescue  apparatus.  Because  of  these  tests  the  Bureau  of  Mines  pro- 
poses in  buying  oxygen  for  use  on  its  cars  and  stations  to  specify  that 
the  percentages  of  hydrogen  and  nitrogen  must  not  exceed  the  figures 
mentioned.  These  tests  also  served  to  indicate  the  efficiency  of  the 
regenerator  furnished  with  the  Gibbs  apparatus. 

Because  of  the  war  in  Europe  the  German  company  making  the 
Draeger  apparatus  has  been  unable  to  procure  regenerating  cartridges 
from  Germany  for  use  in  this  country,  and  it  has  been  necessary 
to  have  them  manufactured  in  America.  The  Bureau  of  Mines  has 
tested  the  efiiciency  of  American -made  regenerators.  Two  types  were 
submitted,  one  containing  granular  sodium  hydroxide  and  the  other 
containing  sheet  sodium  hydroxide.  Generally  speaking,  all  of  these 
generators  proved  satisfactory,  but  those  containing  caustic  soda  in 
sheets  and  having  absorbent  blotters  in  the  four  upper  trays  showed 
the  best  results;  they  are  now  being  used  in  the  training  work  of 
the  bureau. 

Two  tests  were  made  with  the  Fleuss  apparatus  to  determine 
whether  caustic  soda  stored  for  some  time  in  a  Fleuss  breathing  bag 
was  still  in  condition  to  efficiently  absorb  the  carbon  dioxide  exhaled 
by  the  wearer.  In  one  test  caustic  soda  stored  for  one  month  in  the 
breathing  bag  was  tested ;  the  caustic  soda  tried  in  a  second  test  had 
been  left  in  the  bag  for  two  months.  Samples  taken  at  the  beginning 
and  the  end  of  the  storage  periods  and  eight  inhalation-air  samples 
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taken  in  the  course  of  the  two  two-hour  tests  of  each  apparatus  were 
analyzed.  The  tests  showed  that  the  sodium  would  still  act  as  an 
efficient  absorber,  although  the  carbon  dioxide  in  one  sample  of  the 
inhaled  air  was  as  high  as  1-|  per  cent. 

In  trials  with  the  Fleuss  apparatus,  electrolytic  sodium  hydroxide 
prepared  in  the  lump  form  was  tested.  Eight  inhalation-air  samples 
taken  in  the  tests  showed  the  lump  sodium  to  be  an  efficient  absorp- 
tion agent. 

In  four  tests  of  the  Fleuss  apparatus  the  wearer  tried  the  half 
mask,  intended  for  use  in  fire  fighting,  instead  of  the  mouthpiece. 
The  tests  indicated  that  although  the  half  mask  may  seemingly  have 
an  air-tight  fit  on  a  man  before  he  enters  the  smoke  room,  inward 
leakage  may  occur  after  he  has  been  in  a  noxious  or  poisonous  atmos- 
phere for  a  short  timej  so  that  the  half  mask  is  not  as  safe  as  the 
mouthpiece. 

TESTS  AT  PIKES  PEAK. 

An  important  series  of  tests  of  mine- rescue  apparatus  was  made  in 
Colorado  to  determine,  if  possible,  whether  rescue  apparatus  pos- 
sessed certain  defects  that  rendered  it  peculiarly  dangerous  for  use 
at  high  altitudes.  The  first  series  of  tests  were  made  at  Manitou, 
the  second  at  the  Half  Way  House  on  Pikes  Peak,  and  the  third  at 
the  sununit  of  the  peak.  The  results  indicated  that  rescue  apparatus 
is  not  more  dangerous  at  high  altitudes  than  at  low.  The  oxygen 
supply  was  sufficient,  and,  in  fact,  men  wearing  the  apparatus  and 
getting  a  constant  supply  of  oxygen  from  it  could  make  physical 
exertions  of  which  they  were  incapable  when  breathing  the  natural 
are  because  of  its  being  rarefied  and  containing  a  less  weight  of 
oxygen  per  cubic  foot  than  the  air  supplied  by  the  apparatus. 

The  conclusion  reached,  therefore,  was  that  the  probable  cause  of 
the  excessive  number  of  accidents  with  rescue  apparatus  in  mines  at 
high  altitudes  resulted  from  neglect  in  the  care  of  the  apparatus, 
particularly  in  the  renewal  of  rubber  parts  that  had  dried  and 
cracked. 

A  secondary,  but,  possibly,  more  important  result  of  these  investi- 
gations was  the  comparison  of  the  Gibbs  apparatus  with  the  older 
forms  of  apparatus,  particularly  the  Fleuss  and  Draeger,  heretofore 
used  by  the  mine-rescue  crews  at  the  bureau.  The  results  demon- 
strated conclusively  that  the  Gibbs  apparatus  adapts  itself  to  the 
wearer's  needs  far  better  than  the  older  forms  of  apparatus.  In 
endurance  tests  particularly  it  was  found  that  this  automatic  adjust- 
ment tends  to  insure  a  much  longer  duration  of  the  oxygen  supply 
and  of  the  power  to  absorb  carbon  dioxide  than  do  any  of  the  other 
types. 
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BEVSLOPMEKT  07  NEW  TYPE  OE  OXYGEN  SESCUE  APPAEATUa 

As  the  Gibbs  apparatus,  which  has  been  developed  by  W.  E.  Gibhs, 
engineer  of  mine-safety  investigations,  in  cooperation  with  other 
members  of  the  Bureau  of  Mines,  seems  in  several  respects  to  be 
superior  to  other  types,  a  detailed  description  is  here  presented. 

Rescue  crews  have  to  do  hard  work  in  the  poisonous  atmosphere 
of  a  mine  after  an  explosion  or  fire,  hence  the  breathing  apparatus 
they  wear  must  be  of  the  best  design  and  construction.  It  must  be 
absolutely  reliable,  supply  an  artificial  atmosphere  of  great  purity, 
be  as  light  as  is  consistent  with  strength,  and  impede  the  movements 
of  the  wearer  as  little  as  possible. 

The  Gibbs  apparatus  is  a  self-contained  unit  carried  wholly  on  the 
back  of  the  user.  It  is  light  and  its  parts  are  well  protected  against 
injury.  A  special  device  feeds  the  oxygen  used,  and  although  plenty 
is  available  for  the  wearer  when  working  hard  none  is  wasted  when 
he  is  resting.  Hence  the  new  apparatus  may  be  worn  for  a  consider- 
ably longer  time  without  recharging  than  can  models  now  in  use 
which  furnish  a  constant  volume.  An  unusually  efficient  carbon 
dioxide  absorber  that  liberates  little  heat  is  another  feature  of  the 
apparatus.  Caustic  soda,  which  is  much  cheaper  than  the  potash 
salt  formerly  thought  necessary,  is  used  as  the  absorbent. 

It  is  theoretically  easy  to  supply  a  mine  rescue  man  for  two  or 
three  hours  with  an  artificial  atmosphere  from  an  apparatus  of  no 
greater  weight  than  he  can  readily  carry  on  his  back.  In  practice, 
however,  the  construction  and  operation  of  such  devices  offer  many 
difficulties.  The  knowledge  that  the  failure  of  any  part  to  respond 
to  the  needs  of  the  wearer  means  his  almost  certain  death  places  a 
heavy  responsibility  on  the  designer  and  the  constructor. 

Normal  air  contains  roughly  20  per  cent  of  oxygen  mixed  with 
about  80  per  cent  of  nitrogen  and  a  trace  of  carbon  dioxide.  At  each 
inspiration  part  of  the  oxygen  breathed  combines  in  the  lungs  with 
carbon  brought  by  the  blood,  and  the  air  expired  contains  about  4 
per  cent  of  carbon  dioxide  (COj).  The  nitrogen  of  the  air  is  un- 
changed by  the  act  of  respiration  and  takes  no  active  part  in  it  other 
than  to  dilute  the  oxygen. 

For  all  practical  purposes  an  artificial  atmosphere  of  pure  oxygen, 
or  oxygen  containing  only  a  small  percentage  of  nitrogen,  is  actually 
preferable  to  normal  air  in  the  conditions  surrounding  mine  rescue 
work.  In  spite  of  the  general  belief  that  pure  oxygen  is  unsafe  to 
breathe,  no  abnormal  effects  attend  its  use  unless  it  be  breathed  for  a 
much  longer  period  than  that  during  which  rescue  apparatus  is  cus- 
tomarily worn,  and  even  then  the  only  symptom  noted  is  a  slight  irri- 
tation of  the  bronchial  passages. 
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The  amount  of  oxygen  consumed  in  the  body  is  precisely  the  same 
whether  the  gas  is  breathed  pure  or  diluted  with  nitrogen  in  the  form 
of  air.  Contrary  to  the  belief  held  a  few  years  ago,  there  is  no 
flushing  of  the  face,  no  feeling  of  exhilaration,  no  increase  in  the 
pulse  rate,  nor  elevation  of  arterial  tension. 

If,  however,  the  oxygen  content  of  the  air  breathed  be  materially 
reduced,  unconsciousness  and  death  are  almost  sure  to  follow  with- 
out any  warning  symptoms,  provided  the  CO2  content  of  the  air 
remains  low.  For  this  reason  it  is  advisable  that  breathing  apparatus 
supply  an  atmosphere  rich  in  oxygen.  As  much  of  the  oxygen  made 
from  liquid  air  contains  2  or  3  per  cent  of  nitrogen,  which  remains 
unchanged  and  accumulates  in 
the  apparatus,  analyses  of  the 
atmosphere  breathed  by  the 
wearer  generally  show  a  de- 
creasing content  proportionate 
to  the  l^igth  of  time  the  appa- 
ratus is  worn.  If  the  propor- 
tion of  carbon  dioxide  in  the 
artificial  atmosphere  rises  much 
above  2  per  cent,  deeper  breath- 
ing or  panting  warns  the  wearer 
of  danger,  generally  in  time  to 
let  him  get  to  safety. 

Under  the  best  conditions  the 
exploration  of  mines  in  which 
there  has  been  a  recent  fire  or 
explosion  is  a  hazardous  under- 
taking, not  only  because  of  ex- 
posure to  bodily  injury  but  also 
because  no  mechanical  breath- 
ing device  can  be  made  so  per- 
fect that  it  will  never  fail.  Fre- 
quent inspection  of  the  breath- 
ing apparatus  and  constant  vigilance  in  keeping  it  in  perfect  repair 
reduce  the  risk  of  failure  to  the  minimiun. 

The  elements  that  enter  into  the  construction  of  the  Gibbs  breath- 
ing apparatus  are  shown  in  figure  1.  When  the  wearer  inhales 
through  the  mouthpiece  a,  the  valve  h  opens  and  oxygen  passes  from 
the  bag  c  through  the  cooler  d  to  the  lungs. 

On  exhalation  the  oxygen,  somewhat  diminished  in  volume  and 
containing  about  4  per  cent  of  CO2,  issues  from  the  mouth.  The 
valve  h  now  closes  but  the  valve  e  opens  to  let  the  mixture  of  oxygen 
and  carbon  dioxide  pass  into  the  absorber  /,  where  the  caustic  soda 
combines   with   the   carbon    dioxide    to    form    sodium    carbonate 


FiGURB  1. — Diagram  showing  circulation  of 
respiratory  air  in  Gibbs  apparatus. 
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(Na^COg),  with  the  formation  of  some  water  and  the  liberation 
of  heat 

From  the  absorber  or  regenerator  the  purified  oxygen  passes  by 
way  of  the  duct  g  to  the  breathing  bag  d^  which  expands  to  m&ke  room 
for  it  The  total  volume  of  gas  in  the  apparatus  is  now  less  than 
the  original  volume  by  the  amount  of  carbon  dioxide  taken  up  by 
the  absorbing  can.  After  the  wearer  of  the  apparatus  has  taken  a 
few  breaths,  the  bag  c  collapses  enough  to  permit  the  weighted 
lever  K  to  open  the  oxygen-admission  valve  t,  when  the  bag  c  fills 
again  automatically. 

The  heat  generated  in  the  absorber  is  removed  from  the  gas  by 
radiation,  partly  from  the  cooler  A  and  partly  from  the  bag  c  and 
the  connecting  tubes. 

A  reducing  valve  j  lowers  the  pressure  of  the  oxygen  from  about 
2,000  pounds  per  square  inch  in  the  bottle  to  a  pressure  that  may 
be  controlled  by  the  admission  valve  i. 

A  pressure  gage  h  indicates  the  available  oxygen.  The  gas  may 
be  turned  off  by  the  stop  valve  I  when  the  apparatus  is  not  in  use. 

A  relief  valve  m  operates  when  the  pressure  in  the  circulatory 
system  becomes  too  high. 

In  order  to  be  practicable,  breathing  apparatus  should  be  mounted 
on  a  suitable  frame  and  be  conveniently  supported  on  the  user;  also, 
the  various  elements  should  be  as  nearly  perfect  in  operation  as 
mechanical  ingenuity  and  good  workmanship  can  make. 

In  breathing  apparatus  as  previously  constructed  the  flow  of  oxy- 
gen from  the  tank  of  compressed  gas  has  been  constant,  not  because 
of  such  a  flow  being  desirable,  but  because  of  the  difficulty  of  jnaking 
a  reducing  valve  that  permits  the  flow  to  be  interrupted. 

With  such  a  system  the  valve  must  be  set  to  deliver  oxygen  at  a 
rate  that  supplies  the  demands  of  the  wearer  when  putting  forth  his 
utmost  exertion.  At  all  other  times  the  supply  is  excessive  and  the 
surplus  must  be  allowed  to  escape  through  a  relief  valve.  Besides 
being  wasteful  of  oxygen,  such  a  system  makes  the  pressure  of  the 
atmosphere  within  the  apparatus  fluctuate  considerably  and  at 
times  renders  breathing  difficult. 

It  was  felt  that  the  first  step  toward  improvement  should  be  to 
design  a  better  reducing  valve.  A  series  of  experiments  led  to  the 
construction  of  a  reducing  valve  that  satisfies  every  requirement  A 
magnalium  casing  contains  the  valve-closing  toggles,  which  are  actu- 
ated by  a  flexible  metallic  bellows.  Except  for  a  rubber  gasket  at 
the  junction  of  the  casing  and  the  toggles,  all  the  parts  are  of  metal. 
When  this  reducing  valve  is  attached  to  a  cylinder  of  gas  at  a  pres- 
sure of  150  atmospheres,  the  pressure  inside  the  bellows,  with  the  out- 
let closed,  is  about  one-sixth  of  an  atmosphere.  This  remains  con- 
stant even  after  the  outlet  has  been  shut  several  hours.    Such  a 
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reducing  valve  makes  it  possible  to  admit  oxygen  intermittently  to 
the  breathing  bag  in  the  exact  quantity  required  by  the  user  under 
conditions  varying  from  complete  rest  to  extreme  labor. 

All  parts  of  the  breathing  apparatus  are  mounted  on  a  frame  of 
steel  tubing  which  is  carried  on  the  back.  Plate  III,  A,  shows  the 
apparatus  in  use  with  its  protecting  cover  of  aluminum  removed. 

The  operation  of  the  apparatus  is  as  follows : 

On  inhalation,  air  from  the  breathing  bag  lifts 'the  inhalation  valve 
h  (fig.  1)  and  passes  by  way  of  the  flexible  tube  and  mouthpiece  to 
the  lungs.  Exhaled  breath  passes  to  the  exhalation  valve  e^  thence 
down  a  flue  to  the  absorber  /,  where  it  loses  its  CO9,  thence  up 
through  the  cooling  can  dj  where  it  loses  heat,  into  the  breathing 
bag  c. 

The  absorbing  can  /  has  been  the  subject  of  much  experiment. 
A  form  tentatively  adopted  contained  20  vertical  sheets  of  fine  iron- 
wire  gauze,  held  parallel  to  each  other  and  one-fifth  of  an  inch  apart 
by  spacers.  These  sheets  before  being  put  in  the  can  were  dipped 
in  molten  caustic  soda  (NaOH)  containing  20  per  cent  of  water. 
The  caustic  solidified  on  the  gauze  when  cold,  forming  reinforced 
plates  about  a  sixteenth  of  an  inch  thick,  between  which  the  expired 
air  passed. 

The  plates  not  only  absorb  carbon  dioxide  from  the  wearer's  breath 
but  maintain  a  uniform  surface  from  which  the  condensed  and  chem- 
ically produced  moisture  drains  away,  so  that  the  capacity  of  the 
absorber  is  nearly  constant  until  the  active  material  has  all  been 
used.  Becently  another  type  of  absorber,  containing  caustic  soda 
in  lumps,  has  been  adopted. 

A  pressure  gage  or  "  finimeter,"  which  is  read  by  touch,  instead  of 
sight,  and  sounds  an  alarm  when  the  oxygen  in  the  cylinder  has  been 
reduced  to  30  atmospheres,  completes  the  apparatus. 

The  whole  device,  which  weighs  only  30  pounds,  or  considerably 
less  than  other  types,  is  suspended  from  the  shoulders  by  leather 
straps.  There  is  a  minimum  of  parts.  All  the  connections  have 
been  made  without  the  use  of  rubber  wherever  possible. 

A  simple  mouthpiece  and  nose  clip  is  used  instead  of  a  helmet. 
Experience  has  shown  that  the  helmet  is  dangerous,  and  its  use  has 
been  abandoned  by  the  Bureau  of  Mines. 

The  pressure  within  the  apparatus  is  maintained  slightly  aibove 
that  of  the  atmosphere  by  the  pressure  of  a  weighted  flap,  h  (fig.  1), 
on  the  breathing  bag.  Consequently,  if  the  apparatus  is  punctured, 
or  if  a  crevice  in  any  part  of  the  system  opens,  the  leakage  is  out- 
ward only. 

Exhaustive  tests  of  the  new  apparatus  have  shown  that  it  permits 
unusually  free  breathing ;  that  the  air  supplied  is  comfortably  cool ; 
that  as  the  front  of  the  body  of  the  wearer  is  entirely  free  he  is  not 
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hampered  in  his  moyements;  and  that  the  parts  of  the  device  are 
well  protected  against  accident.  The  entire  apparatus  can  be  quickly 
taken  apart  or  put  together  with  a  wrench  and  screw  driver. 

STANPABDIZATION   OF   FIBST-AID   METHODS. 

In  January,  1916,  with  a  view  to  standardizing  first-aid  practices 
and  dressings,  the  bureau  called  into  conference  its  staff  of  con- 
sulting surgeons,  its  mine  surgeon,  and  a  representative  of  the  Amer- 
ican National  Red  Cross,  The  conference  decided  that  the  bureau's 
first-aid  work  ought  to  aim  at  the  following  essentials:  Efficiency; 
simple  materials  for  dressing;  simple  methods  of  applying  dress- 
ings ;  and  consideration  of  cost  of  material  recomttnended  for  dress- 
ings. 

All  existing  practices  and  dressings  were  considered  and  those 
that  best  complied  with  the  essentials  named  were  chosen. 

The  methods  and  dressings  recommended  by  the  staff  are  now  being 
taught  by  all  the  bureau's  instructors,  and  bureau  publications  de- 
scribing them  are  being  published. 

In  the  past  there  has  been  much  confusion  at  first-aid  contests, 
owing  to  dissimilar  dressings  being  applied.  It  is  hoped  that  the 
new  standards  will  go  far  toward  eliminating  such  confusion. 

A  number  of  contests  in  first  aid  have  already  been  held  under 
these  standards,  the  first  being  at  Clinton,  Ind.,  on  April  1,  1916, 
where  it  was  evident  that  the  standardization  work  had  already  re- 
sulted in  materially  reducing  the  confusion  mentioned. 

Suggestions  were  offered  by  the  standardization  conunittee  as 
follows : 

1.  That,  as  far  as  possible,  first-aid  training  be  given  under  the 
immediate  supervision  of  a  regularly  registered  and  oualified  physi- 
cian. 

2.  That  there  be  close  cooperation  with  the  first-aid  department 
of  the  American  National  Red  Cross  in  first-aid  work. 

3.  That  all  examinations  for  first-aid  certificates  shall  be  held  by 
a  qualified  physician  and  shall  conform  with  such  standards  as  may 
be  laid  down  by  the  Bureau  of  Mines. 

4.  That  it  shall  be  the  imperative  rule  in  all  first-aid  contests  that 
the  judges  shall  be  regularly  qualified  physicians  familiar  with  first- 
aid  work. 

5.  That  where  it  is  possible  every  employee  in  a  mine  should  be 
trained  in  first  aid;  and  if  this  is  impossible,  that  at  least  one  out 
of  every  ten  employees,  both  inside  and  out,  should  receive  such 
training. 


A.    GIBBS  OXYGEK  MINE  RESCUE  APPARATUS.  WITH  COVER  REMOVED. 


B.    TYPICAL  APPEARANCE  OF  ROCK-OUSTED  ENTRY  IF 
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COOPEBATIVE    BESCIHSi    AND    SIBST-AID    T&AININa. 

To  extend  the  usefulness  of  the  bureau^s  work  in  training  miners 
in  rescue  and  first-aid  work  a  plan  for  cooperating  with  privately 
or  State-owned  rescue  stations  has  been  evolved.    ' 

The  bureau  announced  that  it  would  list  such  stations  as  coopera- 
tive provided  their  equipment  and  facilities  were  found  to  meet  the 
purpose  of  training.  When  a  station  asks  to  be  placed  on  the  list 
of  cooperating  stations  a  representative  of  the  bureau  is  assigned  to 
investigate  the  station  and  to  report  on  its  status.  His  recommenda- 
tion is  considered  before  the  station  is  designated  as  cooperative. 

Every  cooperative  station  is  allowed  to  train  men  so  as  to  qualify 
them  to  receive  Bureau  of  Mines  certificates  for  mine  rescue  and 
first-aid  work  if  it  conducts  training  according  to  a  schedule  similar 
to  that  used  by  the  bureau.  At  the  conclusion  of  the  training  a 
formal  application  is  made  for  an  examination  and  further  test  of 
the  fitness  of  the  applicants  to  receive  certificates. 

When  a  class  is  ready  for  examination  the  bureau  sends  to  the 
station  one  of  its  engineers  or  foreman  miners,  who  conducts  the 
examination  and  directs  practical  demonstrations  in  fij:%t-aid  and 
mine  rescue  work.  If  the  records  of  the  examination  and  work 
are  satisfactory  to  the  bureau,  certificates  are  issued.  This  coopera- 
tion, which  is  conducted  with  the  least  possible  cost  to  the  bureau, 
affords  a  greater  number  of  miners  an  opportunity  to  receive 
training. 

Under  this  plan  cooperative  training  stations  have  been  listed  by 
the  bureau  as  follows : 

Arizona  CJopper  Co MorencI,  Ariz. 

Colorado  Fuel  &  Iron  CJo Jansen,  Colo. 

Copper  Queen  Ck>nsolidated  Mining  Co Bisbee,  Ariz. 

Colorado  School  of  Mines Golden,  Colo. 

Detroit  Copper  Mining  Co MorencI,  Ariz. 

Ellsworth  Collieries  Co Ells\^'orth,  Pa. 

Knox  Mining  Co Jelllco,  Tenn. 

Knox  Mining  Co Rockwood,  Tenn. 

Missouri  School  of  Mines  and  Metallurgy Rolla,  Mo. 

Oliver  Iron  Mining  Co l Ely,  Minn. 

Oliver  Iron  Mining  Co Eveleth,  Minn. 

Oliver  Iron  Mining  Co Hibblng,  Minn. 

Oliver  Iron  Mining  Co Iron  Mountain,  Mich. 

Oliver  Iron  Mining  Co Ironwood,  Mich. 

Oliver  Iron  Mining  Co Ishpemlng,  Mich. 

Pennsylvania  State  College State  College,  Pa. 

Ray  Consolidated  Copper  Co Ray.  Ariz. 

Republic  Iron  &  Steel  Co Republic,  Pa. 

Superior  Coal  Co Superior,  Wyo. 

Union  Pacific  Coal  Co ^Cumberland,  Wyo. 

870e8"— Bull.  141— 17 2 
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Union  Pacific  Coal  Co Hanna,  Wyo. 

Union  Pacific  Coal  Co Rock  Springs,  Wyo. 

United  States  Fuel  Co Salt  Lake  City,  Utah. 

United  Verde  Copper  Co Jerome,  Arte. 

Victor  American  Fuel  Co Gibson,  N.  Mex. 

West  Virginia  University Morgantown,  W.  Va. 

FIBST  AID  IN  INDIANA. 

The  following  resolutions'  recommending  first-aid  training,  the 
study  of  safety  first,  and  participation  in  first-aid  meets  were  adopted 
by  delegates  of  the  United  Mine  Workers  of  America  assembled  for 
the  twenty-fifth  consecutive  and  second  biennial  convention  of  Dis- 
trict No.  11  at  Evansville,  Ind.,  on  March  27,  1916.  The  resolutions 
were  probably  the  first  of  the  kind  adopted  by  that  organization : 

Whereas  the  United  Mine  Workers  of  America  believes  in  and  practices  fra- 

ternallsm  as  exemplified  by  the  motto,  "  United  we  stand,  divided  we  fall " ; 

and 
Whereas  It  Is  the  obligation  of  every  member  of  our  organization  to  aid  and 

assist  a  brother  in  distress ;  and 
Whereas  there  frequently  occur  times  and  opportunities  to  render  such  aid  and 

assistance  while  engaged  in  the  pursuit  of  our  duties ;  and 
Whereas  for  the  benefit  of  injured  mine  employees  the  United  States  Bureau  of 

Mines  has  Introduced  in  the  mining  industry  the  movement  known  as  first 

aid  to  the  Injured ;  and 
Whereas  this  movement  has  proven  Its  valuable  and  lasting  worth  by  prevent- 
ing suffering,  saving  lives,  and  giving  our  brothers  reliable  and  efficient  first- 
aid  treatment;  and 
Whereas  the  United  States  Bureau  of  Mines  Introduced  said  first-aid  movement 

and  has  at  the  cost  of  time  and  money  been  the  most  potent  factor  in  teaching 

first  aid  to  the  injured :  Now,  therefore,  be  it 

Resolved,  That  District  No.  11  of  the  United  Mine  Workers  of  America,  now 
in  regular  session,  give  the  said  first-aid  movement  our  most  hearty  approval 
and  indorsement ;  and  be  It  further 

Resolved,  That  each  member  of  this  organization,  as  well  as  the  official  body, 
give  it  their  conscientious  and  whole-hearted  support  and  assistance ;  and  be  it 
further 

Resolved,  That  each  member  of  this  organization  prepare  and  fit  himself  by  a 
course  of  proper  and  efficient  training  in  first  aid,  so  that  intelligent  and  efficient 
treatment  may  be  rendered  when  a  brother  is  Injured ;  and  be  it  also  further 

Resolved,  That  this  convention  Indorse  and  approve  the  work  of  the  United 
States  Bureau  of  Mines  in  said  movement ;  and  be  It  further 

Resolved,  That  the  annual  State  first-aid  contests  held  in  Indiana  herel).v 
receive  the  approval.  Indorsement,  and  support  of  District  No.  11,  United  Mine 
Workers  of  America ;  and  be  it  further 

Resolved,  That  each  member  of  the  organization  be  a  constant  student  and 
practitioner  of  safety  first 

*  Proceedings  of  the  twenty-flftb  consecutive  and  second  blenninl  convention  of  Vl^- 
trict  No.  11,  United  Mine  Workers  of  America,  1916,  pii.  887-^88a. 
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coAirHinura  zntestioations. 

PBEVENTIOir  OF  COAIr-BITST  EXPLOSIONS  BY  WATEBING  OB  X7SB 

OF  BOCK  BUST. 

Widespread  coal-mine  explosions  start  from  an  ignition  of  gas  or 
of  coal  dust  or  of  a  mixture  of  the  two.  Prevention  of  such  explo- 
sions can  be  accomplished  by  removing  the  sources  of  ignition,  or  by 
removing  or  rendering  inert  any  material  that  may  be  ignited.  The 
safest  plan  is  to  attempt  to  do  both. 

Ignition  of  gas  and  dust  is  possible  from  open  lights,  sparks,  arcs, 
or  flames  from  explosives.  The  use  of  oil  or  gasoline  permissible 
safety  lamps  or  miners^  permissible  electric  safety  lamps  instead  of 
the  common  oil  lamps,  the  removal  of  electrical  apparatus  from 
places  where  ignition  may  be  caused,  or  safeguarding  such  apparatus 
so  as  to  prevent  its  causing  ignition,  and  the  use  of  short-flame  per- 
missible explosives  to  blast  down  coal  that  has  been  properly  mined 
or  sheared  are  precautions  that  eliminate  largely  the  possibility  of 
an  ignition. 

Gas  ignition  can  be  prevented  by  providing  ventilation  adequate 
to  dilute  gas  at  all  points  where  it  is  generated  and  adequate  to  pre- 
vent accumulations  of  gas.  In  any  mine  in  which  open  lights  are 
used,  it  is  desirable  that  the  proportion  of  gas  in  the  returns  should 
not  exceed  0.25  per  cent.  In  the  returns  of  any  mine  in  which  per- 
missible lights  are  used,  sufficient  volume  of  air  should  be  introduced 
so  the  proportion  does  not  exceed  1  per  cent.  Ventilation  should 
be  so  controlled  that  not  more  than  2  per  cent  of  gas  can  be  detected 
at  any  point  in  the  mine. 

In  attempts  to  prevent  ignition  of  coal  dust,  effort  is  made  to 
prevent  as  far  as  possible  accumulations  of  coal  dust,  and  by  wetting 
the  dust  to  render  inert  coal-dust  accumulations  that  do  occur  so  that 
the  dust  can  not  be  blown  into^a  cloud,  or  by  adding  incombustible 
matter  enough  to  render  the  cloud  nonexplosive. 

Coal-dust  accumulations  can  largely  be  avoided  by  replacing  all 
shooting  off  the  solid  by  shooting  after  the  coal  has  been  mined  or 
sheared,  using  tight  cars,  loading  cars  so  that  the  coal  will  not  be 
spilled  over  the  tops,  and  frequently  cleaning  the  roads. 

There  are  several  ways  of  rendering  coal  dust  inert  by  wetting. 
The  air  current  can  be  humidified  with  exhaust  steam  or  sprays  either 
after  being  preheated  by  passing  over  and  through  radiators,  or  with- 
out preheating.  If  enough  steam  is  added  to  saturate  the  air  current 
at  the  mine  temperature  there  will  be  no  evaporation  of  water  in 
the  mine.  However,  in  winter  it  is  difficult  to  keep  the  current  satu- 
rated and  it  is  usually  necessary  to  supplement  humidifying  with 
some  watering. 
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Watering  is  used  in  many  mines  where  humidifying  the  air  cur- 
rent is  not  attempted.  A  water  car  or  hose  from  pipe  lines  may  be 
used.  Water  cars  are  of  several  types.  In  one  type  the  water  merely 
dribbles  on  the  middle  of  the  road;  in  another  the  water  is  under 
pressure  and  a  strong  spray  is  thrown  on  all  surfaces  of  the  entry  as 
the  car  passes.  The  use  of  hose  to  wash  down  all  surfaces  thoroughly 
is  the  best  method  if  done  frequently  enough.  In  winter  it  may  be 
necessary  to  sprinkle  throughout  the  mine  every  day. 

Deliquescent  salts,  usually  common  rock  salt  and  calcium  chloride, 
are  also  used  for  wetting  dust.  The  former  is  slightly  deliquescent 
and  does  no  good  except  when  the  air  is  nearly  saturated ;  then  the 
salt  becomes  moist  and  helps  to  wet  the  dust.  Calcium  chloride  is 
more  efficient ;  applied  in  quantities  of  about  2  pounds  per  foot  it  will 
keep  a  roadway  moistened  for  two  or  three  months,  depending  on 
how  fast  the  coal  dust  accmnulates.  However,  this  method  does  not 
care  for  dust  on  ribs,  roof,  and  timbers. 

The  dry  method  of  rendering  coal  dust  inert,  termed  rock  dusting, 
has  been  used  only  during  the  past  eight  years.  Applying  dry  in- 
combustible dust  to  tiie  ribs,  roof,  and  floor  of  entries,  air  courses, 
and  rooms,  after  they  have  been  cleaned  as  thoroughly  as  possible  of 
coal  dust,  affords  efficient  protection  for  a  long  period,  until  enough 
coal  dust  accumulates  to  make  the  mixture  of  rock  dust  and  coal  dust 
explosive. 

Atkinson  in  1880  and  Garforth  in  1886  noted  in  England,  and 
Rice  in  1892  in  the  United  States,  that  after  certain  mine  explosions 
the  tram  roads  on  which  there  was  much  incombustible  matter  showed 
hardly  any  explosion  effects.  It  was  noted  in  Germany  that  &ne  sand 
spread  over  coal  dust  appeared  to  prevent  the  spread  of  flame  from 
a  blow-out  shot.  Although  these  facts  were  recorded  at  the  time, 
the  idea  of  using  incombustible  dust  to  prevent  coal-dust  explosions 
developed  slowly.  For  this  development  Mr.  Garforth  was  largely 
instrumental.  In  1908,  in  the  experimental  gallery  of  the  British 
Government  at  Altofts,  England,  a  stone-dust  zone  300  feet  long 
extinguished  the  flame  from  a  170- foot  zone  containing  .much  coal 
dust.  Seemingly  this  was  the  first  occasion  on  which  rock  dust  was 
used  to  check  explosions. 

At  about  the  same  time  in  France  Mr.  Taffanel  began  experiment- 
ing along  the  same  lines.  In  1911  the  United  States  Bureau  of  Mines 
began  similar  testing  on  a  large  scale  and  for  the  first  time  this  was 
done  in  a  real  mine. 

In  1912  a  British  commission  that  was  in  charge  of  the  Altofts 
experiments  issued  a  preliminary  report  reconmiending  the  use  of 
rock  dust  In  their  report  they  mentioned  five  British  collieries 
that  were  then  trying  rock  dust ;  since  then  through  official  approval 
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of  the  method  many  mines  have  adopted  the  application  of  rock 
dust  as  a  safety  measure. 

In  the  United  States  rock-dusting  on  a  large  scale  was  first  tried 
in  a  Colorado  mine,  where  sprinkling  had  caused  roof  falls.  The 
application  of  dry  adobe  dust  began  in  March,  1911,  and  has  been 
continued  to  date.  The  first  dusting  was  by  hand,  as  a  blower  does 
not  give  a  satisfactory  coating  when  the  dust  is  first  applied;  for 
subsequent  treatment  a  rock-dust  blower  was  used.  About  10  miles 
of  entry  has  been  kept  dusted  now  for  about  four  years,  at  a  cost  of 
about  0.3  cent  per  ton  of  coal  produced.  The  dust  is  obtained  from 
the  country  roads  in  a  near-by  canyon.  It  costs  $1  per  ton,  and  about 
2,500  tons  have  been  used.  It  all  passes  through  a  one-eighth-inch 
screen  and  probably  20  to  30  per  cent  will  pass  through  a  200-mesh 
screen. 

The  introduction  of  rock  dusting  at  other  American  mines  has 
been  slow.  In  the  meantime,  by  actual  tests  at  its  experimental 
mine  the  Bureau  of  Mines  has  been  determining  the  proportion  of 
incombustible  that,  when  mixed  with  coal  dust  from  the  Pittsburgh 
bed,  will  make  a  nonexplosive  mixture.  The  bureau  has  deter- 
mined that  an  explosion  once  started  will  not  propagate  through 
a  mixture  containing  64  per  cent  of  incombustible  material  if  not- 
more  than  20  per  cent  of  the  dust  will  pass  through  a  200-mesh 
sieve,  and  if  gas  is  absent  from  the  air  current. 

During  the  latter  part  of  the  year  1914  one  of  the  large  coal- 
mining companies  working  the  Pittsburgh  bed  agreed  to  cooperate 
with  the  Bureau  of  Mines  in  a  test  of  rock  dusting,  and  certain 
localities  in  one  of  its  old  drift  mines  that  produces  1,000  to  1,500 
tons  of  coal  daily  were  selected  for  test  purposes.  The  mine  is  in  the 
Pittsburgh  bed,  is  naturally  dry  and  dusty,  and  produces  some  gas. 
Calcium  chloride,  salt,  and  water  are  employed  to  lay  dust ;  electric 
lamps  and  permissible  explosives  are  used  enti]:ely. 

A  carload  of  limestone  dust  was  purchased  as  most  available 
for  use.  For  the  localities  to  be  dusted  first,  short  zones  of  widely 
differing  character  were  selected.  One  zone,  about  450  feet  long, 
was  in  the  main  haulageway  about  2  miles  from  the  opening 
and  included  a  switching  point  at  which  there  was  much  bumping 
of  cars  and  spillage  of  coal.  Another,  about  560  feet  long,  was  in 
a  nearly  level  butt  entry;  a  third,  about  1,000  feet  long,  was  in 
part  on  a  hill  where  there  was  considerable  spillage  and  the  mules 
dug  up  the  roadway  considerably,  ^hese  zones  were  along  roadways 
ballasted  mostly  with  coal  dust  and  coal.  The  loose  coal  and  rock 
were  cleaned  up  before  rock  dust  was  applied.  In  a  fourth  zone 
rock  dust  was  applied  to  a  roadway  that  had  been  ballasted  with 
roof  shale.  Other  entries  and  butt  entries  dusted  later  differed  from 
those  already  dusted  only  in  that  two  of  them  i^t  one  time  had  cal- 
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cium  chloride  applied  which  was  still  evident  in  the  greater  damp- 
ness of  the  roadways. 

The  first  two  applications  were  made  to  these  zones  in  January, 
February,  and  March,  1915.  From  4  to  6  pounds  of  rock  dust  per 
linear  foot  of  entry  was  applied  by  hand,  being  thrown  oa  the  ribs 
and  roof  so  as  to  give  a  uniform  white  coating.  That  which  did 
not  stick  fell  to  the  floor  and  there  mixed  with  the  coal  in  the 
road  dust  At  intervals,  generally  one  to  three  months,  these  zones 
have  been  redusted  and  extensions  to  other  parts  of  the  mine  have 
been  made  so  that  in  July,  1916,  approximately  6,700  feet  had  been 
dusted. 

About  twice  a  month  samples  have  been  taken  in  the  dusted  zones 
with  a  specially  designed  scoop.  Loose  road  material  to  a  depth  of 
about  1  inch  is  brushed  into  the  sampling  scoop  from  a  section  6 
inches  wide,  extending  completely  across  the  roadway.  The  scoop 
contains  a  10-mesh  screen.  Material  not  passing  through  this  screen 
is  rejected;  the  undersize  is  taken  for  analysis.  Dust  brushed 
from  a  6-inch  wide  section  of  the  ribs  and  roof  makes  up  the  rib 
sample.  The  road  sample  and  the  rib  sample  considered  together 
represent  a  complete  cross  section  of  the  mine  entry.  In  tilie  labora- 
tory all  material  in  these  samples  that  does  not  pass  through  a 
20-mesh  screen  is  rejected;  the  undersize  is  analyzed  for  moisture, 
ash,  and  carbon  dioxide,  the  weights  of  the  samples  are  recorded,  and 
sizing  tests  are  made  with  48, 100,  and  200  mesh  screens.  The  sum  of 
the  moisture,  ash,  and  carbon  dioxide  contents  gives  the  amount  of 
incombustible  present.  From  relative  weights  and  analyses  the  aver- 
age incombustible  content  of  ribs  and  floor  is  calculated ;  the  carbon 
dioxide  content  gives  an  approximate  idea  of  the  amount  of  lime- 
stone present ;  and  the  sizing  tests  give  a  basis  of  comparison  with 
tests  at  the  bureau^s  experimental  mine  in  which  mixtures  of  sized 
material  are  used. 

For  the  most  part  the  samples.taken  have  shown  conditions  to  be 
satisfactory ;  for  example,  the  average  of  69  samples  of  rib  and  road 
dust  sections  showed  a  content  of  incombustible  material  of  65.2  per 
cent.  It  is  considered  that  samples  of  rib  and  road  dust  taken  to- 
gether should  show  a  content  of  incombustible  material  of  at  least 
60  per  cent  when  the  proportion  of  200-mesh  coal  dust  present  is  not 
more  than  20  per  cent  of  the  total  coal  dust  present.  Even  when  the 
samples  fell  below  the  standard  given,  they  indicated  conditions 
much  better  than  in  zones  in  which  the  wet  method  of  rendering  coal 
dust  inert  was  used.  The  appearance  of  a  rock-dusted  area  in  an 
operating  mine  is  shown  in  Plate  III,  B. 

Limestone  dust  laid  down  at  the  mine  cost  $2.90  per  ton.  The  labor 
rate  was  $2.62  per  man  per  eight-hour  day.  At  these  figures,  the 
cost  of  material  and  labor  for  the  first  application  of  5.6  pounds  of 
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limestone)  dust  per  linear  foot  of  entry  was  $1.76  per  100  linear  feet, 
A  second  application  of  dust  by  hand  at  the  rate  of  2  pounds  per  foot 
cost  62  cents  per  100  feet,  which,  on  the  basis  of  four  hand  applica- 
tions per  year,  would  make  an  annual  cost  of  $4.24  per  100  feet  of 
entry.  In  January,  1916,  the  same  coal  company  started  dusting  at 
two  more  of  its  mines.  At  one  of  these  a  little  more  than  8,000  feet 
of  entry  were  dusted ;  in  th«  other  more  than  7,500  feet. 

Rock  dusting  at  coal  mines  in  this  country  has  thus  far  been  in  the 
experimental  stage.  Costs  can  be  greatly  lowered.  It  is  estimated 
that  pulverized  rock  might  be  obtained  for  about  $1  per  ton  by  using 
a  small  pulverizer  at  the  mine  to  crush  shale  available  there.  Manu- 
facturers are  working  on  a  machine  that  may  do  away  with  the  need 
for  making  the  first  application  of  dust  by  hand ;  it  has  been  shown 
that  reapplying  dust  may  be  done  better  with  a  blower  or  similar  ma- 
chine than  by  hand.  By  using  shale  dust  and  reapplying  it  with  a 
blower,  it  is  estimated,  on  the  basis  of  the  costs  given  above,  that 
$130  per  mile  a  year  will  safeguard  a  mine  entry,  or,  roughly,  for 
the  mine  in  question,  one-half  cent  per  ton  of  coal  mined. 

Objection  has  been  made  to  using  rock  dust  on  account  of  alleged 
danger  to  the  miners'  lungs.  Pulverized  shale  dust  has  been  shown 
to  be  noninjurious  by  British  commissions  which  have  particularly  in- 
vestigated this  point.  Dust  containing  free  silica  or  sharp  particles 
of  any  sort  is  likely  to  be  injurious.  Microscopic  examination  is  a 
quick  method  of  detecting  the  presence  of  sharp  points  or  edges  and 
the  likelihood  of  danger  from  this  source,  and  the  Bureau  of  Mines 
has  been  making  microscopic  studies  of  various  available  materials 
for  making  rock  dust. 

On  the  whole,  tests  in  this  country  as  well  as  in  Europe  have 
sufficed  to  show  the  practicability  and  suitability  of  rock  dusting  as 
a  means  of  preventing  coal-mine  explosions. 

■ 

MINE  AIB  IK  ILLIKOIS  COAL  MIKES. 

The  Bureau  of  Mines,  in  cooperation  with  the  State  of  Illinois 
through  the  engineering  experiment  station  of  the  University  of 
Illinois  and  the  State  geological  survey,  is  investigating  the  quality 
of  the  mine  atmospheres  in  the  coal  mines  of  the  State  and  the 
effect  of  different  agencies  on  the  air. 

Under  this  general  subject  three  publications  have  already  been 
printed.^  A  short  description  of  the  results  obtained  in  other  studies 
of  mine  air,  reports  on  which  are  in  the  course  of  preparation, 
follows. 

•Darton,  N.  H.,  Occmrence  of  explofllve  gases  in  coal  mines:  Bull.  72,  Bnrean  of 
Mines,  1914,  248  pp.,  7  pis.,  83  flgs;  Williams,  R.  Y.,  The  hnmidity  of  mine  air:  BnU. 
88,  Bureau  of  Mines,  1914,  69  pp.,  7  flgs. ;  Williams,  R.  T.,  Mine-yentilation  stoppings, 
with  especial  reference  to  coal  mines  In  Illinois :  BolL  99,  Borean  of  Mines,  1915,  80  pp., 
4  pis.,  4  flgs. 


24  YBABBOOK  OF  THE  BUBEAU  OP  MINES — ^1916. 

STUDY  or  RATE  AT  WHICH  METHANE  ACCUMULATES. 

To  obtain'  further  information  on  the  liability  of  methane  accu- 
mulating in  unsuspected  places  should  the  ventilation  be  temporarily 
shut  off  or  interrupted,  a  number  of  samples  were  collected  in  Illinois 
and  Indiana  mines  while  the  mine  fan  was  stopped  or  while  the 
ventilation  was  interrupted  by  blocking  an  air  passage.  Analysis  of 
the  samples  showed  that  in  some  places  where  the  gases  diffused 
evenly  when  the  fan  was  running  at  normal  speed,  the  methane 
began  to  accmnulate  at  the  roof  as  soon  as  the  ventilating  current 
was  stopped,  and  within  a  relatively  short  time  the  increase  was 
enough  to  have  greatly  assisted  in  initiating  a  mine  explosion  and  to 
have  made  a  nonexplosive  cloud  of  coal  dust  violently  explosive. 
This  investigation  is  of  importance  to  those  mines  that  practice 
slowing  down  the  fan  or  otherwise  interrupt  the  ventilating  current 
before  the  firing  of  shots  of  black  blasting  powder  or  dynamite. 

OCCURRENCE  OF  METHANE  IN  ILLINOIS  COAL  MINES. 

The  bureau's  investigations  made  in  cooperation  with  the  State  of 
Illinois  have  shown  that  there  is  a  wide  range  in  the  amount  of 
methane  given  off  in  the  coal  mines  of  that  State.  A  large  number 
of  samples  collected  in  two  long-:^all  mines  near  La  Salle  were  en- 
tirely free  from  methane,  and  the  only  samples  containing  methane 
from  these  mines  showed  less  than  4  parts  in  10,000  parts  of  air,  or 
less  than  0.04  per  cent.  On  the  other  hand,  some  of  the  mines  in 
Illinois  may  liberate  large  quantities  of  methane.  One  mine  working 
the  No.  5  bed  in  Saline  County  struck  a  zone  of  gas  feeders  which 
after  8  days  gave  off  40  cubic  feet  of  methane  per  minute,  or  57,600 
cubic  feet  per  day,  from  the  face  of  two  entries.  Forty-ei^t  days 
later  this  zone  was  giving  off  24.7  cubic  feet  per  minute.  The  coal 
had  not  been  faulted  or  otherwise  displaced  but  had  been  subjected 
to  shearing  stresses. 

To  prevent  accidents  from  ignition  of  fire  damp,  the  tendency  in 
some  Illinois  mines  has  been  to  reduce  the  interval  between  the  time 
the  mine  is  examined  and  the  time  the  men  go  to  work  in  the 
morning.  Also,  more  care  is  being  taken  to  keep  men  from  entering 
abandoned  or  caved  workings.  One  method  of  doing  this  has  been 
by  the  use  of  woven  wire  and  poultry  netting  barriers  with  locked 
gates  so  that  only  authorized  persons  can  pass  through.  (See  PI. 
IV,  A.) 

EFFECT  OF  USE  OF  EXPLOSIVES  ON  KETURN  AIR. 

To  determine  the  effect  of  the  gases  from  blasting  on  the  mine  air, 
a  study  was  made  of  the  return  air  current  in  an  Illinois  mine  where 
approximately  18,000  cubic  feet  of  air  per  minute  was  circulating. 
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After  approximately  1,850  pounds  of  powder  had  been  used  for 
blasting,  analyses  of  air  samples  showed  that  the  change  in  the  air 
was  small,  there  being  approximately  0.05  per  cent  increase  in  inflam- 
mable gases  and  0.1  to  0.2  per  cent  increase  in  carbon  dioxide,  with 
a  corresponding  deficiency  of  oxygen.  The  slight  increase  of  methane 
would  indicate  that  little  methane  was  liberated  by  the  shooting. 
The  return  air  was  distinctly  hazy,  and  the  odor  of  sulphur  made  it 
unpleasant.  The  mine  itself  was  generating  a  relatively  small  amount 
of  methane. 

ABSORPTION  OF  OXYGEN  BY  COAL  AND  ESCAPE  OF  CARBON  DIOXIDE  FROH  IT. 

A  large  number  of  samples  of  mine  air  were  collected  in  Illinois 
mines  to  determine  the  ratio  between  the  oxygen  absorbed  from  the 
air  by  the  coal  and  the  amount  of  carbon  dioxide  added  to  the  air. 
The  ratio  between  oxygen  absorption  and  carbon  dioxide  emanation 
^as  found  to  vary  widely,  but  the  average  of  a  number  of  analyses 
appears  to  establish  a  ratio  of  about  3  to  1,  or,  in  other  words,  while 
the  air  was  in  circulation  about  three  volumes  of  oxygen  were  ab- 
sorbed for  one  volume  of  carbon  dioxide  added. 

WOBK  AT  THE  EXPEBIMENTAIi  KINB. 

CHARACTER  OF  MINE. 

The  experimental  mine  of  the  Bureau  of  Mines  was  opened  in 
December,  1910,  for  the  purpose  of  making  explosion  tests  in  con- 
nection with  a  study  of  the  origin  and  progress  of  explosions  of  coal 
dust,  of  gas  (methane) ,  and  of  mixtures  of  coal  dust  and  gas.  The 
object  was  to  develop  and  test  methods  of  preventing  or  limiting 
such  explosions.  The  mine  is  in  the  Pittsburgh  coal  bed  and  is 
situated  on  the  side  of  a  ravine  near  Bruceton,  Pa.,  13  miles  from 
Pittsburgh.  The  Pittsburgh  coal  at  this  point  is  nearly  level  and 
is  5  to  5^  feet  thick.  * 

The  mine  layout  as  finally  developed  is  shown  in  figure  2.  It  con- 
sists of  two  main  entries  1,300  feet  long;  one  pair  of  butts  driven  300 
and  350  feet  to  the  left  of  the  main  entries,  from  which  five  rooms  are 
turned ;  and  a  single  butt  entry  100  feet  long,  turned  to  the  right  from 
the  main  entry.  The  inner  850  feet  of  the  main  entries  has  a  concrete 
lining.  The  purpose  of  this  lining  is  to  facilitate  cleaning  after 
explosion  tests  and  to  prevent  particles  of  coal  dust  from  the  ribs  and 
roof  affecting  tests  with  coals  from  other  beds. 

At  intervals  of  200  feet  throughout  the  mine,  except  in  the  outer 
part  of  the  main  air  course,  large  instrument  stations  of  concrete 
are  built  in  the  rib.  In  these  are  plaoed  measuring  and  recording 
instruments  during  explosion  tests.    In  addition  to  these  large  sta- 
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tions  are  smaller  intermediate  stations.  All  the  stations  are  con- 
nected to  each  other  and  to  the  outside  by  a  cable  in  a  pipe  embedded 
in  concrete  in  the  rib.  The  mine  has  been  fully  described  in  Bulletin 
66  «  of  the  bureau. 

INSTRUMENTS  USED. 

The  instruments  used  are  of  two  general  classes — ^pressure  instru- 
ments, each  of  which  records  the  explosion  pressure  at  the  point 
at  which  it  is  placed,  and  circuit  breakers,  each  of  which  causes  a 
break  in  the  circuit  when  the  flame  of  the  explosion  passes,  this 
break  being  recorded  by  a  chronograph  in  the  observatory.  In  the 
latest  type  of  pressure  manometer  the  variation  in  pressure  is  re- 
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FiouRl  2. — ^Plan  of  experimental  mine  at  Bruceton,  Pa. 


corded  by  a  ray  of  light  acting  on  a  photographic  film;  the  passage 
of  the  flame  is  also  photographed  on  the  same  film.  By  means  of 
the  time  records  on  the  various  films  it  is  possible  to  plot  the  various 
records  acocnrding  to  time  and  distance  from  the  origin  and  to  study 
the  progress  of  the  explosion  as  shown  in  the  pressure  and  flame 
records  As  the  time  the  flame  passes  both  large  and  small  stations 
is  indicated  by  the  circuit  breakers,  the  velocity  between  any  of  these 
pmnts  can  be  calculated.  The  principle  of  the  breaking  of  circuits 
is  also  used  in  ascertaining  the  time  of  operation  of  various  pro- 
tective devices  used  in  connection  with  the  explosion  tests. 


PRSPARATION  AND  DISTRIBUTION  OF  COAL  DUST. 

The  coal  dust  used  in  the  tests  is  prepared  at  a  grinding  house  at 
the  mine  and  immediately  before  a  test  is  distributed  along  the  entry 
on  side  E^elves,  on  cross  shelves  about  8  inches  beneath  the  roof,  and 

•Blce»  G.  8.,  and  othen.  First  series  of  coal-dust  explosion  tests  In  the  experimental 
mine,  1918,  llff  pp. 
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on  the  concrete  floor,  the  usual  distribution  being  at  the  rate  of  about 
2  pounds  of  coal  dust  per  linear  foot  of  entry  or  0.5  ounce  per  cubic 
foot  of  space.  For  standard  testing  an  explosion  is  initiated  by  firing 
a  blown-out  shot  of  4  pounds  of  FFF  black  blasting  powder  from  a 
cannon  placed  on  the  floor  of  the  main  entry  and  pointed  outward. 
Plate  IV,  B^  shows  the  cannon  and  the  wiring  ready  for  an  explosion 
test  The  upper  wires  from  the  bore  hole  are  the  shot-fiiring  wires, 
and  the  wire  passing  across  in  front  of  the  hole  is  part  of  the 
ignition  circuit;  when  the  shot  is  fired  this  wire  is  broken,  and  the 
time  of  break,  or  of  the  starting  of  the  explosion,  is  recorded  in  the 
observatory.  The  wires  from  the  cannon  pass  through  a  pipe  in  the 
rib  to  the  surface  at  the  main  opening.  The  igniting  shot  is  fired 
electrically  from  the  surface  after  everyone  is  out  of  the  mine. 

Plate  y,  Aj  shows  the  observatory  instruments,  called  chrono- 
graphs. Every  pen  is  connected  to  some  circuity  and  when  that 
circuit  is  broken  the  pen  moves  sidewise.  The  time  is  obtained 
from  a  record,  made  on  each  drum,  of  the  oscillations  of  the  tuning 
fork  shown  at  the  left  of  the  chronograph. 

When  the  shot  is  fired  a  flame  about  20  feet  long  results.  The 
air  currents  stir  up  the  coal  dust  from  the  floor  and  the  sides,  causing 
a  thick  cloud,  which  is  ignited  by  the  flame.  The  inflammation  of 
this  coal-dust  doud  sets  up  pressures  which  cause  increased  air 
movements  and  an  extension  of  the  cloud,  which  in  turn  ignites; 
this  process  continues  indefinitely  as  long  as  there  is  fine,  dry  coal 
dust  to  be  acted  on.  With  pulverized  Pittsburgh  coal  dust  the 
explosion  travels  the  first  150  feet  in  about  1  second;  beyond  this 
point  the  explosion  increases  in  velocity  and  pressure  until  at  a 
point  850  feet  from  the  origin  the  velocity  may  be  as  great  as 
3,000  feet  per  second,  with  a  pressure  of  40  pounds  per  square  inch* 
The  extension  of  the  explosion  for  2Q0  feet  more  may  cause  pres- 
sures as  high  as  100  to  120  pounds  per  square  inch,  which  is  about 
the  maximum  recorded  by  the  instruments,  although  in  all  proba- 
bility higher  pressures  have  occurred  in  the  explosion  zone. 

PURPOSES  AND  CHARACTER  OF  TESTS. 

The  first  tests  at  the  experimental  mine  were  made  to  demonstrate 
to  large  numbers  of  visitors  that  coal  dust  would  explode.  Later, 
the  systematic  study  of  explosions  was  begun.  Up  to  July  1,  1916, 
330  tests  had  been  made.  In  general  the  tests  have  been  made  in 
order  to  study  these  points : 

The  development  of  pure  coal-dust  explosions. 

The  relative  explosibility  of  various  coals. 

The  inflr  .iCe  of  the  fineness  and  the  quantity  of  the  coal  dusL 

The  r  ^uence  of  snail  percentages  of  gas  in  the  air  current. 
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The  effect  of  the  presence  of  rock  dust. 

The  effectiveness  of  rock-dust  barriers  for  limiting  explosions. 

The  development  of  explosions  in  wide  places. 

In  determining  the  explosibility  of  •  various  coal  dusts  mixtures 
of  coal  dust  and  shale  dust  or  other  incombustible  dust  are  used. 
The  proportion  of  incombustible  dust  is  increased  until  a  miztnre 
is  found  through  which  an  explosion  will  not  travel.  The  percentage 
of  shale  dust  required  to  prevent  the  explosion  is  the  measure  of  the 
relative  explosibility  of  the  coal  dust. 

Two  classes  of  tests,  termed  ignition  and  propagation  tests,  are 
made.  In  the  ignition  test  the  percentage  of  shale  dust  that  pre- 
vents the  mixture  of  shale  and  coal  dust  from  being  ignited  by  a 
standard  blown-out  shot  from  the  cannon  is  determined ;  in  the  propa- 
gation test  the  percentage  of  shale  dust  that  prevents  propagation 
of  an  explosion  started  in  a  zone  of  more  explosive  dust,  or  by  the 
ignition  of  a  body  of  gas,  is  determined.  After  determination  has 
been  made  of  the  ignition  and  propagation  limits  of  coal  dust  in  an 
atmosphere  containing  no  explosive  gas,  tests  are  made  when  small 
percentages  of  gas  are  present  in  the  air  current,  and  the  percentage 
of  shale  dust  necessary,  with  various  percentages  of  gas,  to  previ^it 
ignition  or  propagation  as  the  case  may  be  is  thus  deteimined. 
Explosibility  tests  of  this  character  have  been  made  with  12  dif- 
ferent coals,  ranging  from  low-volatile  anthracite  to  high-moisture 
lignites. 

Another  factor  that  affects  the  explosibility  of  coal  dust  is  the 
fineness.  A  large  number  of  tests  have  been  made  to  determine  the 
influence  of  this  factor.  With  Pittsburgh  coal  dust  the  percentage 
of  shale  dust  required  increases  from  50  to  80  per  cent  as  the  propor- 
tion of  coal  dust  fine  enough  to  pass  a  200-mesh  screen  is  increased 
from  10  per  cent  to  75  per  cf nt.  This  shows  how  important  is  the 
fineness  of  the  dust  in  a  mine,  for  the  finer  the  dust  the  greater  must 
be  the  precautions  taken  to  prevent  widespread  explosions. 

m 

METHODS  OF  MAKING  COAL  DUST  NONEXPLOSIVB. 

There  are  two  general  methods  of  rendering  coal  dust  nonexplo- 
sive — first,  by  wetting  the  dust  to  prevent  a  cloud  of  dust  from  being 
formed,  because  only  when  the  coal  dust  is  in  a  cloud  is  it  explosive; 
second,  by  adding  to  the  coal  dust  enough  incombustible  dust  to 
make  the  mixture  nonexplosive.  The  first  method  is  extensively 
used;  the  second  is  comparatively  new  in  the  United  State&  The 
advantages  of  using  wet  dust  to  prevent  coal  dust  explosions  have 
been  pointed  out  in  a  preceding  chapter. 

The  first  coating  is  applied  by  hand  and  the  use  of  limestone  dust 
gives  an  entry  the  appearance  of  being  whitewashed.    Later  when  it 
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is  necessary  to  redust,  the  dust  is  blown  into  the  air  current  by 
means  of  a  blowing  machine  (PL  V,  £)  and  this  dust  settles  down 
on  ledges  and  surfaces  on  top  of  the  coal  dust  that  has  accumulated, 
and  keeps  the  latter  from  becoming  explosive. 

Ordinarily  only  the  coal  dust  in  the  haulage  entries  is  treated,  but 
the  parallel  air  course  may  contain  considerable  coal  dust  that  would 
propagate  an  explosion.  To  obviate  this  danger,  rock  dust  should 
also  be  blown  into  the  air  course. 

The  information  gained  from  explosibility  tests  of  the  quantity  of 
shale  dust  necessary  to  prevent  mine  explosions  is  very  valuable  in 
developing  the  rock-dusting  method  of  rendering  coal  dust  inert; 
if  the  explosibility  of  the  road  dust  be  questioned,  analysis  of 
samples  will  show  whether  the  percentage  of  incombustible  in  the 
road  dust  is  sufficient  to  prevent  the  propagation  of  an  explosion 
along  that  road.  Rough  determination  of  the  percentage  of  incom- 
bustible dust  present  can  be  made  quickly  with  an  instrument  called 
a  "  volumeter,"  designed  by  Mr.  Taffanel,  of  France. 

DEVELOPMENT  OF  ROGK-DUST  BARRIERS. 

As  has  been  indicated^  in  order  to  have  efficient  protection  from 
widespread  explosions,  rock  dusting  should  be  done  throughout  a 
mine,  as  no  one  can  foresee  at  just  what  point  an  explosion  may 
start.  As  long  as  rock  dusting  or  watering  is  satisfactorily  main- 
tatined  there  should  be  no  danger  of  an  explosion  being  propagated 
throughout  a  mine ;  but  if  the  method  is  used  and  is  not  adequately 
maintained  there  should  be  supplementary  means  of  preventing  an 
explosion  from  spreading  throughout  the  mine  and  possibly  causing 
the  death  of  everyone  in  it.  So-called  "  rock-dust  barriers,"  based 
on  devices  tested  in  France,  have  been  designed  by  George  S.  Rice, 
chief  mining  engineer  of  the  Bureau  of  Mines,  and  tested  at  the 
experimental  mine.  Models  of  each  of  several  types  were  developed 
which  in  a  large  number  of  tests  effectively  stopped  the  propagation 
of  explosions. 

One  of  the  most  easily  constructed  and  effective  of  these  barriers 
is  known  as  the  "  trough  barrier."  It  consists  of  six  or  more  troughs 
extending  across  the  entry  at  intervals  of  about  6  feet,  with  the  bot- 
tom boards  held  in  position  by  a  lever  system  connected  by  wires  to 
suspended  vanes  100  feet  on  either  side  of  the  troughs.  Should  an 
explosion  occur  the  vanes  are  caused  to  swing,  thus  releasing  the 
bottom  boards  of  the  troughs  so  that  the  dust  contents  fall  to  the 
ground  in  a  dense  cloud.  This  dense  dust  cloud  cools  the  gases  to 
such  a  degree  as  to  prevent  propagation  of  flame  beyond.  Plate  VI, 
^,  shows  the  appearance  of  a  6-trough  barrier  set  in  a  mine  entry. 
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The  various  types  of  barriers  are  described  in  Technical  Paper  84 « 
of  the  Bureau  of  Mines. 

Such  barriers  are  feasible  at  the  entrances  to  all  splits  of  the  air 
current  or  sections  of  a  mine,  and  at  points  along  the  main  haulage 
roads,  so  that  if  an  explosion  occurs  it  will  be  arrested  by  the  bar- 
riers, and  will  not  spread  throughout  the  mine.  If  an  explosion 
should  occur  in  a  particular  split  in  which  the  dust  on  the  roads  was 
explosive,  it  would  not  travel  beyond  the  barrier  at  the  entrance  to 
the  split.  The  men  in  the  split  might  lose  their  lives,  but  the  men 
in  other  parts  of  the  mine  would  have  a  much  better  chance  of 
getting  out  safely. 

Most  of  the  tests  made  have  been  in  entries  or  narrow  places, 
because  most  explosions  are  initiated  in  such  places.  However,  as 
some  explosions  start  in  wide  places,  a  few  tests  have  been  made 
with  reference  to  the  development  of  explosions  in  those  places. 
These  tests  indicate  that  such  explosions  can  be  initiated  with  com- 
parative ease  by  a  single  blown-out  shot  if  enough  fine  coal  dust  be 
present.  It  was  also  indicated  that  cut-throughs  (break-throughs) 
near  the  point  of  origin  hindered  the  development  of  the  explosion, 
as  they  permitted  considerable  release  of  pressure  at  the  time  when 
the  explosion  is  just  getting  under  way. 

Plate  VI,  B^  shows  the  effects  of  an  explosion  in  the  experimental 
mine. 

LABORATOBY   STUDIES   OF   INFLAMMABILITY   OF   COAL    DUST. 

Large-scale  tests  of  the  explosibility  of  coal  dust  take  time  and 
are  expensive,  so  that  the  desirability  of  a  reliable  laboratory  test 
of  inflammability  is  obvious.  For  some  years  the  development  of 
such  a  test  has  been  in  progress  in  the  Bureau  of  Mines.  The 
measure  of  inflammability  now  used  in  the  bureau  is  the  pressure 
developed  when  a  definite  amount  of  dust,  air  dried  and  ground 
until  its  particles  are  of  definite  size,  is  ignited  by  being  blown  in 
a  definite  way  against  a  source  of  heat  of  definite  size  and  tem- 
perature. 

The  apparatus  used  at  present  consists  of  a  thick  glass  bulb  con- 
nected through  a  tubuhire  with  a  steam-pressure  gage,  and  another 
tubulure,  opposite  the  first,  which  is  connected  air-tight  with  a  small 
glass  funnel  whose  stem  is  bent  to  a  right  angle.  The  dust  to  be 
examined  is  placed  in  this  funnel.  Between  the  two  tubulures,  in 
the  center  of  the  glass  bulb,  is  a  rigidly  held  platinum  tube  that  is 
heated  electrically  to  1,200®  C.  The  dust  is  blown  against  the 
platinum  tube  by  a  puff  of  oxygen  under  definite  conditions.    The 

*  Rice,  O.  S.,  and  Jones.,  L.  M.,  Methods  of  preventing  and  limiting  explosionfl  In  coal 
mine*:  Tech.  Paper  84,  Bureau  oX  Mines,  1015,  45  pp.,  14  pis.,  3  figs. 
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pressure  developed  by  the  ignition  of  the  dust,  which  ranges  from 
a  few  tenths  of  a  pound  to  20  pounds  per  square  inch,  is  registered 
on  the  gage.  Tests  of  mixtures  of  coal 
dusts  and  shale  dust  are  also  made. 

In  general,  predictions  from  these 
laboratory  tests  of  the  explosibility  of 
bituminous  dusts  in  mine  tests  have  been 
satisfactory,  but  there  has  not  been  such 
agreement  between  laboratory  and  mine 
tests  of  anthracite  and  lignite  dusts. 
Further  development  of  the  apparatus  is 
being  attempted  in  order  to  obtain  satis- 
factory results  throughout  the  entire 
range  of  coals. 

EFEECT  OF  M0UEKTAB7  HEATING  01* 
INPLAMMABLE  COAIi  DUSTS. 

Opinions  differ  as  to  how  flame  spreads 
through  a  cloud  of  inflammable  coal  dust. 
Some  investigators  believe  that  the  dust 
particles  burn  as  a  whole,  but  others  hold 
that  during  the  short  period  of  heating, 
just  before  inflammation,  combustible 
gases  are  distilled  from  the  coal,  and  that 
these  gases  give  rise  to  the  explosion.  If 
the  latter  view  is  correct,  then  the  readi- 
ness with  which  the  gas  distills  is  obvi- 
ously a  factor  determining  the  inflam- 
mability or  explosibility  of  the  dust. 

The  plan  of  the  bureau's  experiments 
has  been  to  subject  a  suspension  of  dust 
(dust  cloud)  to  momentary  heating  suffi- 
cient to  cause  inflammation  in  air,  to  re- 
peat the  test  in  an  inert  atmosphere 
(nitrogen),  and  to  analyze  the  atmos- 
phere for  combustible  gases.  The  source 
of  heat  in  some  of  the  tests  was  an  in- 
candescent weight,  which  was  dropped 
through  the  dust  cloud.  The  results  of 
such  tests  indicated  practically  no  dis- 
tillation of  gases  from  the  dust  under  the  conditions  of  testing. 

In  work  now  under  way  the  source  of  heat  is  a  blast  of  hot  gas. 
The  apparatus  used  is  shown  in  figure  8.    Only  the  general  features 
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need  be  described  here.  A  glass  rod  passing  through  a  rubber  stop- 
pet  in  the  wide  glass  tube  a  bears  a  copper  scoop  at  thd  end,  on  which 
is  placed  a  little  heap  of  coal  dust.  The  silica  tube  c  passes  through 
the  electric  furnace  h  and  is  joined  to  a  with  a  piece  of  rubber  tubing. 
The  silica  tube  is  connected  with  an  apparatus  (/,  A,  d^  etc.)  for  fur- 
nishing a  puff  of  gas.  After  the  silica  tube  is  heated  by  the  furnace 
to  1,100^  to  1^00^  C,  the  dust  is  pushed  in  to  the  point  n,  and  the 
blast  of  gas  is  suddenly  released.  This  causes  ignition  of  the  dust 
when  the  system  is  filled  with  air. 

Pure  nitrogen  is  then  substituted  for  air,  and  the  dust  is  blown 
from  n  into  a  in  the  same  way.  The  atmosphere  in  a  is  then  analyzed 
for  combustible  gases. 

The  results  obtained  agree  with  those  of  the  other  method.  The 
amounts  of  combustible  gases  formed  in  the  inert  nitrogen  atmos- 
phere under  the  conditions  of  test  were  slight. 

THE  TESTIKa  OF  EXPLOSIVES  USED  IN  MINES. 
IMPORTANCE   OF  TESTING   MINE   EXPLOSIVES. 

The  explosives  used  in  coal  mines  not  only  cause  accidents  such  as 
happen  in  the  use  of  explosives  elsewhere,  but  they  have  given  rise 
to  widespread  disasters  by  igniting  explosive  mixtures  of  mine  gas 
and  air  and  of  coal  dust  and  air,  or  both.  In  addition,  the  firing  of 
explosives  so  shakes  the  walls  and  roofs  of  the  mines  as  to  cause  falls, 
with  their  attendant  casualties. 

In  view  of  the  large  number  of  explosives  and  their  wide  range  in 
composition  and  properties,  it  is  obvious  that  certain  of  them  should 
prove  more  suitable  for  use  in  mines  than  others.  The  problem 
is  to  determine  which  explosives  are  the  most  suitable  for  this  pur- 
pose and  the  precise  conditions  under  which  they  may  be  used  with 
the  greatest  safety. 

Of  course  this  problem  could  be  worked  out  in  actual  mining,  but 
experimental  investigations  in  a  working  mine  are  hazardous  and 
slow.  To  obtain  the  information  sought,  in  the  speediest  and  most 
economical  manner,  laboratory  methods  are  required. 

The  Bureau  of  Mines  at  its  Pittsburgh  experiment  station  has 
equipment  for  such  laboratory  testing  of  explosives.  These  tests 
involve  chemical  and  physical  examination  and  the  detonation  of 
charges  under  carefully  controlled  conditions. 

DEVELOPMENT   OF   PERMISSIBLE   EXPLOSIVES. 

With  the  cooperation  of  explosives  manufacturers,  the  bureau  has 
evolved  a  type  of  explosives  especially  intended  for  use  in  gaseous 
or  dusty  coal  mines.    Such  explosives,  termed  permissible  explosives, 
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are  tested  and  approved  by  the  bureau,  which  also  prescribes  condi- 
tions under  which  they  must  be  used  to  be  regarded  as  permissible. 
Thus  the  bureau  prescribes  that  an  explosive  is  not  to  be  regarded  as 
permissible  unless  used  with  a  detonator  (blasting  cap)  of  proper 
strength. 

METHODS    AND    APPARATUS    USED    IN    TESTING    EXPLOSIVES    FOR 

PERMISSIBILITY. 

The  apparatus  employed  in  testing  explosives  and  the  methods  of 
using  it  are  briefly  outlined  in  the  paragraphs  following. 

PHYSICAL  EXAMINATION. 

Every  explosive  tested  for  permissibility  is  examined  as  to  its 
physical  properties,  including  the  determination  of  the  average 
diameter,  length,  and  weight  of  the  cartridge,  whether  the  cartridge 
has  been  dipped  more  than  once  in  moisture-proofing  material,  the 
apparent  specific  gravity  of  the  cartridge,  the  weight  of  the  wrapper 
per  100  grams  of  explosive,  and  the  color  and  consistence  of  the 
explosive. 

When  feasible,  screening  tests  are  made  to  determine  the  sizes  of 
the  different  ingredients. 

Some  of  the  tests  made  to  determine  the  strength  and  relative 
safety  of  the  explosive  are  described  below. 

THE  BALLISTIC   PENDUI^UM. 

The  ballistic  pendulum,  shown  io  Plate  VII,  A^  is  used  to  measure 
what  is  termed  the  deflective  force  of  the  explosive.  A  charge 
tamped  with  dry  clay  is  loaded  into  a  small  cannon,  shown  on 
wheels  in  the  plate.  The  charge  is  fired  into  the  bore  of  a  mortar 
weighing  31,600  pounds,  suspended  by  means  of  a  stirrup  from 
two  cast-steel  saddles  fitting  over  a  steel  supporting  beam  that 
rests  on  nickel-steel  knife  edges.  The  amount  of  the  explosive  being 
tested  that  causes  the  pendulum  to  swing  as  far  as  does  a  charge  of 
one-half  pound  (227  grams)  of  the  Pittsburgh  experiment  station 
standard  40  per  cent  "  straight "  nitroglycerin  dynamite  is  known  as 
the  unit  deflective  charge.  It  must  be  less  than  1  pound  (454  grams) . 
This  test  indicates  the  coal-getting  strength  of  an  explosive. 

GAS  AND  DUST  GALI.EBY  NO.    1. 

The  liability  of  an  explosive  to  produce  an  ignition  of  coal  dust 
in  a  mine  is  determined  by  firing  it  in  what  is  known  as  gas  and  dust 
gallery  No.  1  (PI.  VII,  B).   This  consists  of  a  steel  cylinder  100  feet 
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long  and  6^  feet  in  diameter.  In  part  of  the  gallery  are  placed 
sensitive  explosive  mixtures  of  gas  and  air,  coal  dust  and  air,  or  gas, 
coal  dust,  and  air.  The  firing  of  a  charge  of  the  explosive  in  a  small 
cannon  into  the  gallery  is  similar  to  a  ^^  blown-out  shot ''  in  a  mine. 

An  explosive  is  considered  to  have  passed  the  gallery  test  if  no  one 
of  the  prescribed  shots  ignites  the  mixture  into  which  it  is  fired. 

In  tests  1  and  3,  described  below,  10  shots  are  made.  For  each  shot 
a  charge  equivalent  to  the  unit  deflective  charge  of  the  explosive  is 
used;  the  explosive  is  placed  in  its  original  wrapper,  and  each  shot 
is  tamped  with  1  pound  of  clay  stemming. 

In  test  1,  on  each  trial,  a  mixture  of  gas  and  air  containing  8  per 
cent  of  gas  (methane  and  ethane)  is  used. 

In  test  3,  on  each  trial,  40  pounds  of  bituminous  coal  dust  is  used, 
20  pounds  being  distributed  uniformly  on  a  wooden  bench  placed  in 
front  of  the  cannon,  and  20  pounds  being  placed  on  side  shelves  in 
the  second  20  feet  of  the  gallery. 

In  test  4,  five  shots,  each  with  a  l^-pound  charge,  are  fired  without 
stemming.  A  mixture  of  gas  and  air  containing  4  per  cent  gas 
(methane  and  ethane)  and  20  pounds  of  bituminous  coal  dust  are 
used.  Eighteen  pounds  of  the  coal  dust  is  placed  on  shelves  along 
the  sides  of  the  first  20  feet  of  the  gallery,  and  2  pounds  is  so  placed 
in  a  part  of  the  gallery  inclosed  by  a  paper  diaphragm  that  it  will  be 
thrown  into  suspension  by  an  air  current. 

RATE-OF-DETONATION  APPARATUS. 

The  rate,  or  velocity,  of  detonation  of  an  explosive  is  deter- 
mined by  firing  a  charge  in  a  covered  pit.  The  explosive  ends  of  the 
cartridges  are  cut  off  and  the  cartridges  are  placed  in  a  sheet-iron  tube 
which  is  suspended  in  the  pit.  Through  perforations  in  the  side  of  the 
tube  two  wires  pass  through  the  explosive  at  intervals  of  1  meter  along 
the  length  of  the  tube.  A  No.  7  electric  detonator  inserted  into  one 
end  of  the  cartridge  file  detonates  the  explosive.  Each  of  the  wires 
passing  through  the  charge  is  electrically  connected  to  a  Mettegang 
recorder  (PL  VIII,  A)  which  has  a  soot-covered  bronze  drum  re- 
volving rapidly  at  a  known  speed.  When  the  explosion  breaks  the 
electric  circuit  through  each  of  the  wires  passing  through  the  long 
cartridge,  an  electric  spark  makes  an  impression  on  the  ilrum.  By 
special  devices,  distances  between  these  impressions  can  be  measured 
accurately.  The  final  result,  based  on  the  distance  separating  the 
wire,  the  speed  of  the  drum,  and  the  distance  between  the  spark 
points,  is  expressed  in  meters  per  second  and  is  called  the  rate  of 

detonation.  This  rate  largely  determines  the  shattering  effect  of  an 
explosive. 

The  rate  of  detonation  is  determined  by  three  trials  with  cartridges 
of  the  smallest  diameter  that  the  manufacturer  wishes  to  use*    For 
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a  test  to  be  acceptable  the  entire  cartridge  file  must  detonate  com- 
pletely. Similar  trials  are  made  with  cartridge  files  having  diam- 
eters of  1^  inches. 

TEST  FOB  OA8BOT78  FB0DUCT8  OF  EXPLOSION. 

The  gaseous  products  from  firing  a  charge  of  an  explosive  are  de- 
termined by  chemical  analysis.  A  charge  of  explosive  is  fired  in  the 
Bichel  pressure  gage,  described  on  page  87.  The  charge  is  200  grams 
of  explosive  contained  in  a  weight  of  original  wrapper  that  is  propor- 
tional to  the  largest  weight  per  100  grams  of  explosive  of  all  the  dif- 
ferent sizes  of  cartridge  in  which  the  explosive  submitted  for  test 
is  sold.  By  means  of  a  No.  7  electric  detonator  inserted  into  one  end, 
the  cartridge  is  fired  after  the  gage  has  been  closed  and  the  air  ex- 
hausted from  it.  The  gases  evolved  by  the  explosion  are  allowed  to 
cool  for  30  minutes.  After  the  pressure  has  been  recorded,  a  differen- 
tial sample  of  the  gases  is  drawn  from  the  gage  and  analyzed.  If  any 
poisonous  gas  is  present,  it  is  usually  carbon  monoxide  or  hydrogen 
mlphide.  The  total  volume  of  poisonous  gases  from  680  grams  (1^ 
pounds)  of  the  explosive  (the  permissible  charge)  is  then  computed. 

An  explosive  is  considered  to  have  passed  this  test  if  the  total 
volume  of  poisonous  gases  from  680  grams  (1^  pounds)  of  the  ex- 
plosive does  not  exceed  158  liters  (5 J  cubic  feet)  at  standard  temper- 
ature and  pressure  (O*'  C.  and  760  mm.). 

If  an  explosive  that  did  not  fulfill  the  above  requirement  were 
used  in  a  narrow  coal-mine  entry  driven  ahead  of  the  ventilating 
current,  the  air  might  be  so  vitiated  with  poisonous  gases  as  to  impair 
the  health  of  the  miner. 

PENDULUM   FWCTION   DEVICE. 

The  pendulum  friction  device  (PL  IX,  -4)  is  used  for  testing  the 
sensitiveness  of  explosives  to  frictional  impact  or  a  glancing  blow. 
Serious  accidents  have  occurred  in  charging  drill  holes  with  explo- 
sives too  sensitive  to  such  impact.  Tests  at  the  Pittsburgh  experi- 
ment station  have  shown  that  some  explosives  made  from  mixtures 
containing  chlorate  of  potash  and  carbonaceous  combustible  ma- 
terials are  liable  fo  explode  imder  this  test. 

These  chlorate  of  potash  explosives  have  many  properties  making 
them  desirable  for  use  in  coal  mines ;  as  for  example,  a  slow  rate  of 
burning  and  a  heaving  effect  suitable  for  the  production  of  lump 
coal.  It  would  seem,  therefore,  that  there  is  an  opportunity  for  some 
manufacturer  to  produce  an  explosive  of  this  class  that  is  not  sensi- 
tive to  frictional  impact. 

An  explosive  is  considered  as  having  passed  this  test  if  no  ex- 
plosion, burning,  or  local  cracking  occurs  in  any  one  of  ten  trials. 
In  each  trial  a  7-gram  charge  of  the  explosive  spread  on  a  grooved 
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solid  steel  plate  is  struck  about  18  times  by  a  steel  pendulum  faced 
with  a  fiber  shoe  (PL  IX,  A).  Besting  above  the  shoe  is  a  20-kilo- 
gram weight.    The  pendulum  drops  from  a  height  of  1.5  meters. 

CBU8HEB-B0ABD  TEST. 

A  crusher-board  test  is  made  of  explosives  denominated  low-freez- 
ing, extra  low-freezing,  or  nonfreezing.  This  test  gives  the  compres- 
sive strength  of  cartridges  that  have  been  brought  up  to  room  tem- 
perature, as  compared  with  the  compressive  strength  of  cartridges 
that  have  been  kept  at  a  low  temperature  for  several  hours.  Explosives 
denominated  ^^low-freezing''  are  kept  at  85^  F.;  those  denominated 
"extra  low- freezing,''  at  0°  F. ;  and  those  denominated  "nonfreezing'' 
are  kept  at  still  lower  temperatures  for  several  hours  prior  to  the  test. 

8TOSAQE  TEST. 

The  two-months'  storage  test  is  the  final  test  made  in  determining 
permissibility.  For  an  explosive  to  pass  this  test  at  least  four  out  of 
five  cartridges  of  the  smallest  diameter  submitted  must  detonate  com- 
pletely when  fired  after  two  months'  storage  at  the  Pittsburgh  experi- 
ment station. 

In  practice  the  test  is  made  by  firing  separately  five  cartridges 
suspended  in  air  in  a  gallery.  Electric  detonators  of  the  grade 
recommended  by  the  manufacturer  are  used  for  the  tests.  As  these 
tests  are  considered  to  be  more  severe  than  those  made  in  a  cannon, 
no  further  tests  are  made  if  there  is  complete  detonation  in  each  of 
five  trials. 

However,  if  some  of  the  cartridges  fail  to  detonate  completely,  the 
number  thus  failing  is  noted,  and  the  same  number  of  fresh  car- 
tridges are  fired  separately  in  a  cannon  so  charged  that  there  is 
an  air  space  between  the  bore  hole  and  the  explosive;  the  number 
and  the  nature  of  the  failures  are  noted.  Fresh  cartridges  equal  in 
number  to  those  failing  are  taken  and  separately  loaded  without 
air  space  and  fired  as  before.  Should  there  be  two  or  more  failures, 
the  explosive  fails  to  pass  the  test. 

SUPPLEMENTARY  TESTS. 

The  explosives  that  pass  all  of  these  tests  for  permissibility  are 
submitted  to  further  tests  in  order  that  the  manufacturer  and  user 
may  have  complete  information.  The  additional  tests  are  made  as 
follows: 

IXAMB  TEST. 

In  the  flame  test  the  flame  from  the  explosive  is  photographed  in 
order  to  show  its  length  and  its  duration.  The  test  is  based  upon 
the  belief  that  the  greater  the  length  and  the  duration  of  the  flame  of 
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an  explosive  the  greater  is  the  chance  of  such  a  flame  ignitiBg  in- 
flammable or  explosive  mixtures  of  gas  or  coal  dust  in  a  mine.  Too 
great  emphasis  must  not  be  placed  on  length  and  duration  of  flame 
as  an  indication  of  permissibility,  for  both  the  length  and  the  dura- 
tion of  the  flames  of  certain  nonpermissible  explosives  are  less  than 
those  of  some  of  the  permissible  explosives,  but  the  other  variables, 
particularly  the  temperature  of  the  flame,  are  of  importance  and 
must  be  taken  into  account. 

EXPIX)8I0N-BY-INFLUENCE  TEST. 

The  explosion-by-influence  test  determines  the  sensibility  of  an 
explosive  to  the  explosion  wave  produced  by  the  detonation  of  an 
equal  mass  of  the  same  explosive  and  transmitted  through  the  air. 
In  this  test  two  cartridges  of  the  same  explosive  are  placed  a  pre- 
determined distance  apart  One  cartridge  is  fired  by  means  of  an 
electric  detonator.  If  the  second  cartridge  is  detonated  by  the  de- 
tonation of  the  first  cartridge,  the  test  is  repeated  with  the  second 
cartridge  farther  away.  If  the  second  cartridge  is  not  detonated,  the 
test  is  repeated  with  the  second  cartridge  nearer  the  first.  By  pro- 
ceeding in  this  way,  the  minimum  distance  between  cartridges  at 
which  the  first  cartridge  does  not  detonate  the  second  is  established 
within  1  inch. 

BICHEL   FBESSI7BE    GAGE. 

The  Bichel  pressure  gage  (PI.  VIII,  B)  is  used  for  determining  the 
maximum  theoretical  pressure  that  could  be  developed  in  a  bore  hole 
by  an  explosive.  The  essential  features  of  this  apparatus^  used  are 
cylinders  in  which  the  explosive  is  fired,  instruments  by  which  the 
pressure  developed  in  these  cylinders  is  recorded,  and  a  device  by 
which  the  heat  distribution,  or  dissipation,  is  ascertained. 

The  apparatus  actually  employed  consists  of  two  stout  cast-steel 
cylinders.  The  chamber  of  one  cylinder  measures  19  inches  (48.3 
cm.)  by  7.87  inches  (20  cm.) ;  the  chamber  of  the  other  measures 
25.25  inches  (64  cm.)  by  7.87  inches  .(20  cm.).  The  heads  of  the 
cylinders  are  provided  with  lead  gaskets,  and  are  secured  in  place 
by  heavy  stud  bolts  and  an  iron  yoke,  as  shown  in  Plate  VIII,  B. 
A  system  of  sheaves  and  suspended  counterweights  is  provided  to 
aid  in  detaching  the  heavy  heads  from  the  cylinders  and  in  mounting 
them  on  the  specially  designed  wagons  so  that  access  may  readily  be 
had  to  the  interiors  of  the  cylinders. 

As  the  air  is  practically  excluded  from  a  bore  hole  in  coal  or  rock 
when  it  is  filled  with  a  charge  of  explosive^  these  conditions  must 
necessarily  be  simulated  in  experimental  tests.  Therefore,  when  ex- 
plosives are  fired  in  the  cylinders  the  air  is  almost  entirely  removed 
from  them  with  a  pump. 
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The  charge  of  explosive  is  placed  in  the  gage  and  fired  electrically, 
and  the  pressure  is  recorded  by  suitable  instruments.. 

BOMB  CAIX>BIMET]eB. 

The  heat  liberated  bj  the  det<mation  of  a  known  weight  of  explo- 
sive is  determined  in  a  bomb  calorimeter,  shown  in  Plate  X,  A. 

SMALL   LEAD   BLOCKS. 

The  small  lead  block  test  determines  the  relative  quickness  of  an 
explosive,  as  indicated  by  the  compressive  effect  exerted  by  an  ex- 
plosive when  exploded  unconfined  on  the  upper  end  of  a  small  cylin- 
der of  lead.  In  making  this  test,  a  small  steel  disk  placed  on  the 
lead  cylinder  receives  the  inmiediate  impact  of  the  detonation.  The 
deformation  of  the  cylinder  is  taken  as  a  measure  of  the  disruptive 
effect  of  the  explosive.     (See  PL  IX,  B.) 

TRAUZL   LEAD   BLOCKS. 

The  Trauzl  lead  block  test  is  designed  to  measure  the  comparative 
disruptive  effect  of  explosives  fired  under  moderate  confinement. 
Equal  weights  of  different  explosives  are  confined  by  means  of  a 
fixed  quantity  of  stemming  in  bore  holes  of  definite  size  made  in  lead 
blocks  (PI.  IX,  C)  of  prescribed  character  and,  when  thus  confined, 
are  exploded  by  means  of  similar  detonators.  The  measure  of  the 
test  is  the  increase  in  the  volume  of  the  cavity  in  the  block  caused 
by  the  pressure  exerted  by  the  explosive. 

IMPACT  MACHINES. 

The  large  and  small  impact  machines  (PI.  X,  B)  are  used  in  the 
determination  of  the  relative  sensitiveness  of  explosives  to  the  impact 
produced  by  falling  weights. 

SUITABILITY  TESTS  OF  EXPIX)8IVES. 

Suitability  tests  are  made  to  determine  the  suitability,  of  explo- 
sives for  use  in  metal  mines  and  quarries.  They  are  the  same  as 
those  for  permissibility,  with  the  following  exceptions: 

The  ballistic  pendulum  test  is  made  in  duplicate,  but  no  limits 
are  set  on  the  result  representing  the  unit  deflective  charge. 

No  gallery  tests  are  made. 

The  rate  of  detonation  test  is  made  in  duplicate.  The  electric 
detonator  used  must  have  a  strength  not  less  than  that  of  a  No.  6 
electric  detonator. 

In  the  test  for  gaseous  products  of  explosion  the  explosive  is  fired 
with  an  electric  detonator  of  not  less  strength  than  that  of  a  No.  6. 
When  detonated  in  the  gage  the  explosive,  to  be  satisfactory,  must  not 
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evolve  poisonons  gases  in  quantities  that  may  be  considered  harmful 
to  the  health  of  the  miners. 
No  flame  photograph  is  made. 

TESTS  OF  DETONATORS. 

The  methods  of  testing  detonators  have  been  described  in  Bulletin 
59.^  The  nail  test,  one  of  those  described,  can  be  readily  performed 
by  anybody  desiring  to  determine  the  relative  strength  of  detonators. 
This  test  depends  on  the  bending  of  a  nail  by  firing  a  detonator  or 
electric  detonator  in  close  proximity  to  it. 

Recently  the  Bureau  of  Mines  has  developed  a  method  of  deter- 
mining the  probability  of  detonation  when  a  detonator  is  fired.  An 
insensitive  dynamite  is  obtained  by  mixing  40  per  cent  "  straight  '' 
nitroglycerine  dynamite  with  varying  quantities  of  wood  pulp.  The 
different  mixtures  are  formed  into  IJ  by  8  inch  cartridges.  The 
detonator  to  be  tested  is  inserted  into  the  end  of  one  of  these  car- 
tridges, the  cartridge  is  suspended  in  the  air,  and  the  detonator  is 
fired. 

Usually  if  three  cartridges  detonate  completely,  another  mixture 
is  used  containing  less  nitroglycerin  and  more  wood  pulp.  This 
procedure  is  continued  until  such  a  mixture  is  obtained  that  only 
part  of  the  cartridges  prepared  therefrom  detonate  completely. 
Enough  of  the  mixtures  containing  the  same  quantity  of  nitro- 
glycerin is  prepared  so  that  at  least  25  trials  may  be  made.  The 
number  of  cartridges  detonating  completely  out  of  the  total  number 
of  trials  made  with  the  same  insensitive  mixture  determines  the 
probability  of  detonation.  The  results  are  usually  compared  with 
the  results  obtained  with  some  standard  detonator  tested  at  the  same 
time. 

SAND   TEST. 

Another  direct  test  for  determining  the  strength  of  detonators  has 
been  designed  by  the  engineers  of  the  bureau,  and  is  known  as  the 
sand  test.  The  detonator  is  embedded  in  the  center  of  standard  30- 
mesh  quartz  sand  contained  in  a  block  of  steel  having  a  cylindrical 
cavity.  Two  cylindrical  steel  covers  are  provided — one  with  a  single 
hole  in  the  center  for  the  passage  of  a  fuse  when  detonators  are 
tested,  and  one  with  two  holes  for  electric  wires  when  testing  electric 
detonators.    The  device  is  shown  in  Plate  XI. 

The  detonator  is  fired  with  a  fuse  or  electrically,  and  the  quan- 
tity of  sand  pulverized  is  taken  as  a  measure  of  the  strength  of  the 
detonator.  This  test,  besides  being  quantitative,  enables  an  experi- 
menter working  on  reinforced  detonators  (those  in  which  part  of 

•  Hall,  Clarence,  and  Howell,  S.  P.,  Investigation  of  detonators  and  electric  de- 
tonators :  Bull.  59,  Bureau  of  Mines,  1913,  73  pp.,  7  pis.,  5  figs. 
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the  mercury  fulminate  or  other  initiating  explosive  is  replaced  by 
an  organic  nitro  compound  or  nitrate)  to  determine  whether  com- 
plete or  partial  detonation  has  been  brought  about,  the  result  being 
shown  by  the  amount  of  sand  crushed  or  by  the  unexploded  nitrate 
or  nitro  compound  found  after  the  shot  was  fired.  The  test  offers 
great  possibilities  for  studying  the  sensitiveness  to  detonation  of 
explosives  and  is  a  distinct  aid  to  manufacturers  and  users  of  deto- 
nators. 

ADOPTIOK  OF  PEBMISSIBLE  EXPLOSIVES  AND  SAFETY  DEVICES. 

In  its  educational  campaign  for  greater  safety  in  mining,  the  Bu- 
reau of  Mines  has  earnestly  advocated  the  use  of  approved  explosives 
and  equipment.  Too  much  stress  can  not  be  placed  on  the  need  of 
safeguarding  the  1,000,000  men  employed  in  the  mining  industry  in 
the  United  States. 

As  an  example  of  the  importance  of  adopting  safety  measures  may 
be  cited  the  decreased  fatality  rate  from  explosives  in  bituminous 
coal  mines  in  the  7-year  period  1909-1915  in  comparison  with  the 
increased  use  of  permissible  explosives.  Thus,  in  1909,  there  were 
122  fatalities  due  to  explosives,  whereas  in  1915  the  number  had  been 
reduced  to  76,  or  almost  50  per  cent.  In  1909  the  amount  of  permis- 
sible explosives  used  in  coal  mines  was,  in  round  figures,  9,000,000 
pounds,  and  in  1915  the  amount  used  had  reached  22,000,000  pounds. 

PROGRESS  IN  REPLACEMENT  OF  HIJACK  BLASTING  POWDER  BY  PERMISSIBLE 

EXPLOSIVES  IN  ILLINOIS  AND  INDIANA. 

In  the  coal-mining  region  designated  by  the  Bureau  of  Mines  as 
the  central  district,  the  bureau  has  been  making  special  efforts  to 
induce  the  operators  to  adopt  the  use  of  permissible  explosives.  It 
has  assigned  an  assistant  mining  engineer  to  the  work  of  education 
and  demonstration.  The  results  in  Illinois  and  Indiana  are  men- 
tioned specifically  ^as  typical. 

PEBMISSIBLE  EXPLOSIVES  IN  ILLINOIS. 

Permissible  explosives  were  not  introduced  into  Illinois  until 
1909.  They  are  now  being  used  exclusively  in  20  mines,  which  are 
among  the  most  modem  in  the  State.  These  mines  have  a  daily  out- 
put of  over  50,000  tons,  and  employ  about  9,000  operatives,  or  ap- 
proximately 11.5  per  cent  of  the  total  coal-mine  employees  of  the 
State.  During  the  fiscal  year  ended  June  80,  1915,  the  number  of 
pounds  of  permissible  explosives  reported  in  the  Illinois  coal  reports 
as  used  in  Illinois  coal  mines  was  1,342,334.  Approximately  7,680,000 
tons  of  coal  was  produced  by  the  use  of  such  explosives,  or  14.3  per 
cent  of  the  State  total  produced  by  all  explosivea 
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In  most  of  these  mines  black  blasting  powder  was  formerly  used, 
but  a  change  to  permissible  explosives  was  made  to  procure  relief 
fi'om  numerous  fires  and  explosions.  Thus,  in  one  mine  5,372  fires 
were  recorded  in  a  14-montii  period.  Since  the  introduction  of  per- 
missible explosives,  fires  and  explosions  have  been  practically  elimi- 
nated and  many  other  advantages  have  been  gained,  such  as  less 
injurious  effects  upon  the  roof,  elimination  of  ^^  blown-out ''  and 
^^  windy  "  shots,  lower  cost  of  explosive  per  ton  of  coal,  and  fewer 
accidents  in  handling  explosives.  At  the  same  time  the  sizes  of 
coal  obtained  have  not  been  materially  affected.  The  consensus  of 
opinion  among  mining  men  in  the  State  is  that  where  the  coal  is 
properly  undercut  and  "  snubbed  "  permissible  explosives  can  be  suc- 
cessfully used  with  little  if  any  increase  in  the  amount  of  slack  coal 
over  that  produced  by  black  blasting  powder. 

The  State  of  Illinois  cooperated  with  the  Bureau  of  Mines  in  the 
work,  and  a  report  on  the  use  of  permissible  explosives  in  Illinois 
coal  mines  is  to  be  published  by  the  bureau. 

PERMISSIBI^  EXPLOSIVES  IN  INDIANA. 

In  Indiana,  permissible  explosives  are  used  exclusively  in  two 
mines,  one  of  which  is  in  Sullivan  County  and  the  other  in  Knox 
County.  These  mines  represent  a  total  daily  capacity  of  5,000  tons 
and  are  thorou^Uy  modem.  Permissible  explosives  were  introduced 
when  the  screen-coal  basis  of  payment  was  in  force.  The  results  ob- 
tained have  been  entirely  satisfactory. 

USE  OF  PERMISSIBLE  ELECTRIC  LAMPS. 

The  increased  use  of  electric  lamps  by  miners  has  been  a  large 
factor  in  increasing  safety  in  mines,  particularly  in  decreasing  the 
possibility  of  gas  ignitions  by  open  lights.  Prior  to  the  fiscal  year 
1916  three  types  of  electric  lamps  had  been  given  the  bureau's  ap- 
proval, having  passed  the  requirements  for  safety  and  practicability. 
Five  more  approvals  were  given  during  the  fiscal  year,  two  of  which, 
however,  were  for  lamps  of  almost  identical  design.  Seven  of  these 
aprovals  are  for  cap  lamps  and  one  for  a  hand  lamp. 

The  increased  use  of  such  lamps  has  been  due  in  most  part  to  the 
desire  of  companies  to  decrease  the  hazard  of  fire-damp  ignition  by 
open  lights.  Prior  to  the  development  of  miners'  electric  safety 
lamps  there  was  usually  great  opposition  to  replacement  of  open 
lights  by  oil  or  gasoline  safety  lamps  because  of  the  great  reduction 
in  illuminating  power ;  but  the  miners'  electric  safety  lamp  gives  so 
much  more  light  than  the  gasoline  or  oil-burning  safety  lamp  that 
the  old  objection  to  replacement  of  open  lights  has  been  largely  over- 
come.   The  scale  agreement  between  miners  and  coal  operators  in 
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one  large  coal-mining  district  calls  for  installation  of  miners'  electric 
lamps  in  gaseous  mines  as  rapidly  as  the  lamps  can  be  obtained.  In 
one  State  the  law  requires  the  replacement  of  open  lights  by  per- 
missible electric  lamps. 

Another  factor  influencing  the  installation  of  miners'  electric  lamps 
is  the  attitude  of  the  insurance  companies  in  decreasing  premiums 
at  mines  on  account  of  less  liability  of  mine  explosions  where  miners' 
electric  lamps  are  in  use.  At  the  end  of  the  fiscal  year  1916,  electric 
lamps  were  being  installed  at  the  rate  of  2,500  a  week. 

IMPROVEMENTS    IN    MINE    HAULAGE. 
DANGERS   OF  ELECTBIC   HATTLAOB   IN   DU8TT   MINES. 

The  hazard  of  electric  haulage  in  dusty  mines  has  not  been  gen- 
erally recognized.  Wherever  there  is  a  possibility  of  an  explosive 
dust  cloud  being  formed,  the  presence  of  electric  equipment  that  may 
furnish  a  spark  or  arc  to  ignite  the  cloud  is  a  grave  menace  to 
safety.  At  least  one  large  explosion  was  caused  by  the  ignition  of  a 
dust  cloud  when  a  trip  was  wrecked  and  an  arc  resulted  from  the 
displacement  of  the  trolley  wire  and  the  consequent  short  circuiting 
of  the  current. 

Great  care  should  therefore  be  taken  to  see  that  the  coal  dust  on 
haulage  roads  has  been  made  inert  either  by  wetting  or  rock  dusting, 
as  described  on  previous  pages. 

Care  should  also  be  taken  to  see  that  the  trolley  wire  is  securely 
supported  at  short  enough  intervals  so  that  displacement  of  wire  is 
less  likely  in  the  event  of  a  wreck. 

CHABACTEB  OF  IMPROVEMENTS. 

Probably  the  greatest  change  in  mine  haulage  equipment  in  recent 
years  will  result  from  the  development  of  the  storage-battery  loco- 
motive. The  claimed  advantages  for  its  use  are  the  increased  safety 
resulting  when  it  replaces  electric  haulage  using  trolley  wires,  and 
the  lower  cost  and  increased  speed  of  haulage  resulting  when  it 
replaces  mule  haulage.  With  respect  to  safety,  the  elimination  of 
the  trolley  is  unquestionably  an  increase  in  safety.  However,  the 
storage-battery  locomotive  in  its  present  development  should  not 
be  regarded  as  being  safe  for  use  in  gaseous  mines.  The  possibilities 
of  sparking  or  arcking  are  numerous,  and  therefore  ignitions  of  gas 
accumulations,  should  such  accumulations  occur,  are  quite  possible. 
In  addition  there  is  an  added  menace  due  to  the  evolution  of  hydro- 
gen in  the  batteries.  It  is  known  that  at  least  one  local  explosion  in 
a  charging  station  was  due  to  the  ignition  of  gas  evolved  from  bat- 
teries. 
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The  Bureau  of  Mines  is  now  working  on  specifications  for  making 
storage-battery  locomotives  explosion  proof,  and  it  is  hoped  that  the 
development  of  locomotives  that  will  be  practically  safe  for  opera- 
tion in  gaseous  places  will  result. 

Many  companies  at  the  present  time  are  making  comparative  tests 
of  the  efficiency  and  cost  of  storage-battery  locomotives  and  other 
forms  of  haulage.  Should  such  tests  generally  result  favorably,  a 
great  advance  in  the  importance  of  the  storage-battery  locomotive 
industry  will  undoubtedly  result. 

COOPERATIVE  WOBX  DT  CAUFOBHIA. 

Mine  inspection  in  the  State  of  California  is  carried  out  under  a 
cooperative  agreement  between  the  Bureau  of  Mines  and  the  indus- 
trial accident  commission  of  the  State,  whereby  a  mining  engineer 
of  the  Bureau  of  Mines  occupies  the  position  of  chief  mine  inspector 
of  the  State.  He  is  assisted  by  an  able  corps  of  deputies  who  are 
appointed  by  the  State  after  an  examination  to  establish  their  quali- 
fications. California  is  the  only  State  in  which  mine  inspection  is 
carried  out  under  such  an  arrangement.  The  work  of  the  mine  in- 
spector essentially  concerns  metal  mining,  because  practically  no 
coal  is  mined  in  California.  There  are  in  all  approximately  14,000 
men  employed  in  mines,  quarries,  and  ore-treatment  plants  in  the 
State. 

In  1915  the  bureau's  engineer  drew  up  a  set  of  tentative  mine 
safety  rules,  copies  of  which  were  printed  and  distributed  through- 
out the  State.  Operators,  miners,  and  those  interested  in  mining 
were  given  a  chance  to  comment  on  these  rules  at  public  hearings, 
after  which  a  final  draft  was  made  and  adopted  by  the  industrial 
accident  commission,  to  become  effective  January  1,  1916. 

The  workmen's  compensationj  insurance,  and  safety  act  of  the 
State  of  California  gives  the  industrial  accident  commission  the 
power  to  make  and  enforce  safety  rules  and  regulations,  to  prescribe 
safety  devices,  to  fix  standards,  and  to  order  the  reporting  of  injuries. 
Thus,  the  mine  safety  rules,  although  not  enacted  into  law  by  the 
State  legislature,  are  in  effect  the  same  as  laws,  for  an  offender 
against  these  rules  renders  himself  liable  to  prosecution  for  main- 
taining an  unsafe  working  place. 

The  mine  safety  rules,  as  adopted  by  the  commission,  cover  every 
detail  of  operation  in  and  about  mines.  They  may  be  said  to  be 
somewhat  drastic,  but  are  tempered  by  a  provision  that  "in  cases 
where,  in  the  opinion  of  the  industrial  accident  commission,  the  en- 
forcement of  any  rule  would  not  materially  increase  the  safety  of 
employees,  and  would  work  undue  hardship  on  the  operator,  exemp- 
tions may  be  made  at  the  discretion  of  said  commission,  but  such 
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exemptions  must  be  in  writing  to  be  effective^  and  can  be  revoked 
after  reasonable  notice  is  given  in  writing;  provided,  further,  that 
the  rules  shall  not  apply  to  the  operation  of  mines  employing  three 
men  or  less  on  one  shift,  or  to  gold  dredges^  hydraulic  mining  opera- 
tions, or  surface  placer  mining,  except  where  tiie  rules  specifically 
provide  for  the  inclusion  of  these  classes  of  mining  in  their  pro- 
visions." 

At  the  beginning  of  1916,  when  the  mine  safety  rules  went  into 
effect,  the  safety  movement  was  young  in  the  State  of  California. 
Mine  operators  were  unused  to  State  supervision  and  in  some  respects 
many  of  the  mines  were  not  being  operated  in  accordance  with  these 
rules.  It  would  have  been  impossible  immediately  to  change  condi- 
tions in  the  mines.  The  commission  adopted  the  policy  of  meeting 
the  operators  halfway,  being  reasonable  in  its  demands,  and  afford- 
ing all  assistance  practicable  for  the  betterment  of  conditions. 

It  was  thought  possible  that  there  might  be  objectiou  to  many  of 
the  rules  and  that  some  dissatisfaction  might  result.  However,  the 
months  during  which  the  rules  have  been  in  force  have  brought 
forth  surprisingly  few  complaints.  Furthermore,  it  has  been  neces- 
sary to  grant  only  few  exemptions  under  the  rules.  The  work  of 
improving  conditions  and  of  installing  safety  devices,  as  provided 
by  the  rules,  has  gone  forward  steadily  and  rapidly,  and  the  opera- 
tors of  the  State  are  to  be  congratulated  on  the  cooperation  that  they 
have  given  the  industrial  accident  commission. 

During  the  first  six  months  there  was  not  a  single  case  where  it  was 
necessary  to  invoke  the  law  because  of  the  refusal  of  any  operator 
to  abide  by  the  mine  safety  rules.  Operators  generally  agree  that 
there  has  been  a  vast  improvement  in  conditions. 

The  chief  mine  inspector,  in  an  effort  to  be  of  assistance  to  mine 
operators,  issues  a  monthly  bulletin  pertaining  to  safety  and  efiiciency 
in  mines.  In  this  bulletin  is  published  a  list  of  sketches  of  safety  and 
efficiency  devices  that  may  be  obtained  by  California  operators  free 
of  cost.  In  addition,  a  campaign  has  been  started  among  the  miners 
to  procure  their  cooperation  in  preventing  mine  accidents.  The 
efforts  in  this  direction  embrace  an  organization  known  as  "the 
miners'  safety  bear  club."  This  club  was  organized  for  the  purpose 
of  getting  in  close  personal  touch  with  the  miner  so  that  informa- 
tion of  value  could  be  imparted  to  him.  This  club  was  organized  in 
March,  1916,  and  by  the  end  of  June  it  had  nearly  5,000  members. 
Monthly  letters  containing  valuable  information  regarding  accident 
prevention  are  written  to  the  miners. 

From  January  1  to  June  30, 1916,  under  the  operation  of  the  mine 
safety  rules  the  number  of  deaths,  as  compared  with  those  during 
the  first  half  of  1915,  materially  decreased. 
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It  is  probable  that  in  the  course  of  a  year  a  few  minor  changes 
may  be  made  in  the  rules.  As  a  whole,  the  system  of  mine  inspection 
appears  to  be  sound,  and  without  question  it  has  resulted  in  the  pre- 
vention of  many  serious  and  fatal  injuries  to  the  miners  of  Cali- 
fornia. 

STATISTICS  OF  ACdDENTS  IN  THE  MINEKAL  INDTTSTBIES. 

To  enable  the  Bureau  of  Mines  efficiently  to  carry  out  its  duty  of 
increasing  safety  in  the  mineral  industries  it  was  early  evident  that 
the  causes  of  accidents  would  have  to  be  studied  in  order  that  effec- 
tive remedies  and  safeguard  could  be  devised.  Accordingly  the 
bureau  began  the  compilation  of  statistics  of  accidents  in  the  mineral 
industries. 

When  the  bureau  was  established  no  accurate  and  comparable 
statistics  of  mine  accidents  were  available  for  all  the  mining  States. 
Many  of  the  States  had  an  inspection  service,  but  as  each  State  had 
a  different  system  of  classifying  accidents  the  collected  figures  were 
not  precisely  comparable  and  could  not  be  readily  used  as  a  basis  for 
efforts  to  increase  safety  in  mining. 

Limited  funds  have  restricted  the  bureau's  efforts  to  collect  acci- 
dent statistics,  but  through  the  hearty  cooperation  of  State  mine  in- 
spectors it  has  been  able  to  compile  an  annual  statement  of  coal-mine 
fatalities  and,  through  the  cooperation  of  mine  and  quarry  owners, 
to  publish  statistics  of  metal-mine  and  quarry  accidents.  The  bureau 
has  also  compiled  annual  statements  of  the  production  and  distribu- 
tion of  explosives  by  States  and  has  collected  accident  statistics  for 
coke  ovens,  ore-dressing  plants,  and  smelters. 

Under  a  cooperative  arrangement  with  all  State  coal-mine  inspec- 
tors a  monthly  report  of  coal-mine  fatalities,  showing  the  number, 
cause,  and  distribution  by  States,  is  published  shortly  after  the  close 
of  each  month. 

All  of  the  coal-mine  fatalities  (over  50,000)  reported  by  State  mine 
inspectors  since  the  beginning  of  inspection  by  each'  State  have  been 
tabulated  by  causes,  calendar  years,  and  States,  the  figures  covering 
the  mining  of  more  than  89  per  cent  of  all  the  coal  produced  in  the 
United  States  since  1807.  A  bulletin  containing  these  figures  placed 
for  the  first  time  all  reported  coal-mine  fatalities  on  a  calendar-year 
basis  under  a  uniform  classification. 

The  bureau  has  records  covering  a  five-year  period  for  metal  mines 
and  quarries  and  a  three-year  period  for  coke  ovens  and  metallurgical 
plants.  Although  based  on  reports  voluntarily  furnished  by  the 
operators,  the  reports  present  reasonably  accurate  data  from  which  to 
devise  plans  whereby  accidents  may  be  reduced  and  the  mines  made 
safer.    The  figures,  although  not  absolutely  complete,  are  directly 
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comparable,  being  on  the  same  basis  and  by  calendar  years  for  each 
State.  This  imiformity  is  highly  desirable,  as  it  permits  intelligent 
comparison  of  the  figures  for  the  various  States. 

During  the  fiscal  year  1916  a  bulletin,  mentioned  above,  on  coal- 
mine fatalities  in  the  United  States  from  1870  to  1914,  was  issued. 
In  this  bulletin  are  classified  53,000  fatalities  as  obtained  from  a 
systematic  search  through  the  various  State  mine  inspectors'  reports. 
Although  it  is  possible  that  the  records  during  the  earlier  inspection 
periods  were  not  complete,  yet  sufficient  data  have  been  accumulated 
to  determine  the  principal  causes  of  coal-mine  accidents.  Accidents 
as  related  to  coal  mining  by  machines  have  also  been  studied  and 
tabulated  in  detail  in  Bulletin  il5. 

Data  are  still  lacking  concerning  the  number  of  nonfatal  injuries 
in  the  coal  mines,  but  sufficient  material  has  been  collected  in  the 
metal-mining  industry  to  allow  a  fair  estimate  of  what  may  be 
expected  in  the  coal  mines.  In  order  that  more  detailed  information 
concerning  the  nonfatal  injuries  may  be  obtained,  it  will  be  necessary 
to  develop  further  the  cooperative  agreement  with  the  State  mine 
inspectors  and  State  compensation  bureaus  so  that  such  information 
may  be  obtained  in  addition  to  data  regarding  the  coal-mine  fatalities 
now  reported  by  the  State  mine  inspectors. 

Some  States  do  not  require  a  record  of  injuries  or  a  report  to  any 
individual,  insurance  board,  commissioner,  or  inspector,  whereas 
other  States  have  strictly  enforced  laws  requiring  such  reports. 
Furthermore,  the  fiscal  years  are  not  uniform.  The  bureau  in  its 
efforts  to  procure  more  of  the  data  above  mentioned  called  a  con- 
ference of  State  mine  inspectors.  Federal  officials,  and  representatives 
of  compensation  conmiissions  and  insurance  companies  in  Washing- 
ton on  February  24-25, 1916.  A  tentative  schedule  was  prepared  for 
imif orm  mine  statistics,  in  which,  among  other  things,  reporting  of 
accidents  by  calendar  years  was  recommended.  This  schedule  and  a 
report  of  the  conference  have  been  distributed  to  the  inspectors, 
mining  companies,  and  others  interested  in  mining  statistics,  with  a 
request  for  further  suggestions  and  recommendations.  These  recom- 
mendations will  be  taken  up  by  a  special  committee,  and  it  is  hoped 
that  this  conmiittee  will  be  able  to  recommend  some  standard  forms 
for  mine  statistics  which  may  ultimately  be  adopted  by  each  and 
every  State  interested  in  mining. 

In  addition  to  the  monthly  reports  on  coal-mine  fatalities,  a  report 
on  accidents  in  metal  mines  <*  and  a  report  on  accidents  in  quarries^^ 
each  for  the  calendar  year  1914,  were  published ;  also  a  report  on  the 

•Fay,  A.  H.,  Metal-mine  aoddents  in  the  United  States  during  the  calendar  year 
1914  :  Tech.  Paper  129,  Burean  of  Mines,  1916,  96  pp.,  1  pi.,  8  figs. 

*  Fay,  A.  H.,  Quarry  accidents  in  the  United  States  during  the  calendar  year  1914 : 
Tech.  Paper  128,  Bureau  of  Mines,  1915,  45  pp. 
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production  of  explosives  during  1915^  and  a  report  on  coke-oven 
accidents  in  1915  ^  were  issued. 

STTPEBVISION  OF  HOSES  ON  SEOBEOATED  INDIAIT  LANDS. 

BITBEAV  OF  MINES  CHABaEP  WITH  INSPECTION. 

Under  date  of  February  11,  1913,  the  Secretary  of  the  Interior 
issued  an  order  charging  the  Bureau  of  Mines  with  the  inspection  of 
the  physical  operation  of  mines  on  Indian  lands  in  the  United  States, 
with  special  reference  to  mines  in  lands  belonging  to  the  Choctaw 
and  Chickasaw  Indians  of  Oklahoma  and  (mown  as  segregated 
Indian  lands.  Accordingly  the  bureau  established  an  office  at 
McAlester,  Okla.,  and  placed  it  in  charge  of  an  experienced  engineer 
with  instructions  to  study  the  various  conditions  existing  in  that  field 
and  to  draw  up  suitable  rules  and  regulations  covering  the  operation 
of  the  mines  on  the  Indian  lands,  and  also  to  cooperate  with  the 
Office  of  Indian  Affairs  in  passing  upon  applications  for  leases  on 
the  Indian  lands,  upon  applications  by  the  mining  companies  to  re- 
serve from  sale  certain  parts  of  the  surface  of  their  leases  for  use  in 
mining  operations,  and  upon  other  questions  relating  to  the  rights  of 
the  Indian  lessors. 

Most  of  the  applications  for  reservations  of  surface  were  filed  and 
passed  upon  prior  to  the  beginning  of  the  fiscal  year  1916,  but  just 
prior  to  the  offering  for  sale  of  the  remainder  of  the  surface  of  the 
segregated  lands  in  December.  1915,  some  of  the  lessees  made  appli- 
cation either  for  additional  reservations  or  for  changing  the  existing 
reservations,  relinquishing  part  and  taking  other  lands  instead. 
These  reservations  were  made  as  requested.  During  the  year  oper- 
ating coal  companies  made  several  applications  to  purchase  the 
surface  of  the  segregated  coal  lands. 

PEBMISSIBLE  EXPLOSIVES  OBDEB. 

On  May  4,  1914,  the  Secretary  of  the  Interior  issued  a  further 
order  requiring  that  ''on  and  after  August  1,  1914,  only  such  ex- 
plosives as  *  *  *  have  been  designated  '  permissible  explosives,' 
shall  be  used  in  any  coal  or  asphalt  mine  on  the  segregated  coal  and 
asphalt  lands  *  *  *  in  Oklahoma."  The  order  further  provided 
that  explosives  other  than  permissible  explosives  might  be  used  if 
fired  by  an  electric  system  from  without  the  mine. 

•  Fay,  A.  H.,  Prodactlon  of  exploslyes  In  tiie  United  States  daring  the  calendar  year 
1915,  wltb  notes  on  coal-mine  accidents  dne  to  explosives  and  list  of  permissible  explo- 
slyes, lamps,  and  motors  tested  prior  to  May  1*  1916:  Tech.  Paper  159,  Bureau  of 
Mines,  1916,  24  pp. 

*  Fay,  A.  H.,  Coke-oven  accidents  in  the  United  States  during  the  calendar  year  1915 : 
Tech.  Paper  151,  Bureau  of  Mines,  1916,  18  pp. 
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The  time  for  taking  effect  of  this  order  was  afterwards  extended 
to  January  1, 1915. 

In  accordance  with  an  agreement  reached  at  a  conference  held 
in  Washington  in  April,  1916,  between  the  Director  of  the  Bureau 
of  Mines  and  a  committee  of  Oklahoma  coal  operators,  a  number  of 
requests  for  temporary  exemption  of  mines  from  the  operation  of 
the  permissible  explosives  order  of  the  Secretary  of  the  Interior  have 
been  received ;  and  as  rapidly  as  possible  the  mines  menticmed  will  be 
reexamined  and  reports  rendered. 

On  the  whole,  the  permissible  explosives  order  has  produced  very 
good  results,  although  these  results  are  necessarily  slow  in  develop- 
ing. There  have  been  fewer  shot-firer  accidents  and  fewer  mine  fires 
from  explosives  used  than  in  previous  years. 

STTPEBVISION  OF  MINES  OH  ALLOTTED  DTSIAir  LAHBS. 

During  the  fiscal  year  1916  there  were  42  formal  and  informal 
conferences  held  with  officials  of  the  Indian  Office  in  regard  to  pro- 
posed and  present  operating  mines  on  lands  allotted  to  individual 
Indians  as  opposed  to  segregated  Indian  lands  allotted  to  the  two 
tribes  previously  mentioned.  In  about  90  per  cent  of  the  instances 
it  was  necessary  to  make  field  inspections  in  order  to  ascertain 
whether  the  bonus  and  royalty  provided  were  sufficient.  Most  of 
these  inspections  are  made  jointly  with  the  chief  oil  and  gas  in- 
spector of  the  Five  Civilized  Tribes,  who  submits  a  report  to  the 
Indian  Office  after  consulting  the  representative  of  the  Bureau  of 
Mines. 

The  leases  on  allotted  Indian  lands  cover  the  mining  of  a  wide 
variety  of  metallic  and  nonmetallic  minerals,  including  lead  and 
ziAc,  gold  and  silver,  glass  sand,  gravel  and  sand,  coal,  and  asphalt. 
The  leases  for  precious  metals  have  not  as  yet  resulted  in  the  develop- 
ment of  anything  but  prospect  holes.  The  same  is  true  of  the  lead 
and  zinc  leases  outside  of  the  Miami  lead  and  zinc  district  in  north- 
eastern Oklahoma.  The  coal  and  asphalt  leases  cover  coal  leases 
exclusively,  as  practically  all  of  the  important  asphalt  deposits  are 
on  segregated  lands.  The  coal  mines  on  allotted  Indian  lands  are 
being  inspected  as  fast  as  possible. 

In  all,  applications  for  examination  of  22  tracts  of  allotted  lands 
were  received  at  this  office  during  the  fiscal  year  1916.  These  appli- 
cations were  divided  as  follows: 

Coal  and  asphalt,  13  tracts,  embracing  a  total  of  1,500  acres; 
application  for  removal  of  restrictions,  4  tracts,  embracing  a  total 
of  200  acres ;  application  for  sand  and  gravel  leave,  1  tract,  embracing 
280  acres;  gold,  silver,  copper,  lead,  and  zinc  leases,  2  tracts,  em- 
bracing a  total  of  60  acres;  application  for  report  regarding  damage 
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to  surface  by  water  from  mine  workings,  2  tracts,  covering  340 
acres.  In  all  a  total  of  2,380  acres  were  examined.  In  addition, 
an  examination  was  made  at  the  request  of  tlie  probate  attorney  at 
McAlester,  Okla.,  as  to  the  advisability  of  canceling  two  leases  held 
on  allotted  lands. 

Although  these  tracts  of  land  are  small,  and  do  not  usually 
require  much  time  for  an  inspection,  yet  they  are  situated  in  widely 
scattered  parts  of  the  State,  and  an  inspection  trip  to  a  given  tract 
and  return  to  McAlester,  Okla.,  may  require  the  greater  part  of  a 
week. 

WATEB,  OH,  Am)  OAS  WELLS  OH  THE  SEOREOATED  COAL  LANDS. 

Although  the  regulations  under  which  the  surface  of  the  segre- 
grated  coal  lands  was  sold  provided  that  the  locations  for  all  water 
wells,  as  well  as  for  oil  and  gas  wells,  be  approved  by  the  repre- 
sentative of  the  Bureau  of  Mines  and  the  State  mine  inspector,  few 
applications  have  been  filed  asking  for  such  approval.  There  have 
been  to  date  only  three  applications  for  approval  of  water  wells, 
all  of  which  have  been  passed  upon.  These  wells  are  only  20  to 
30  feet  deep  and  are  unimportant. 

Under  date  of  May  13,  1915,  application  was  made  to  the  Bureau 
of  Mines  for  permission  to  drill  an  oil  and  gas  well  on  the  segregated 
coal  lands  near  Coalgate,  Okla.  There  were  no  mines,  however, 
within  several  miles  of  the  place  where  drilling  was  contemplated, 
and  a  diamond-drill  hole  put  down  some  years  ago  showed  no  coal 
within  a  half  mile  of  the  proposed  well.  This  information  was 
brought  out  as  a  result  of  u  careful  inspection.  The  application  was 
approved,  the  approval  being  conditioned  upon  the  applicant  sub- 
mitting to  the  district  engineer  of  the  bureau  a  log  of  the  well,  show- 
ing the  different  strata  through  which  the  well  passed,  in  order  that 
it  might  be  determined  whether  coal  existed  under  this  part  of  the 
segregated  lands.  The  drilling  resulted  in  a  dry  hole.  There  are  at 
present  no  oil  or  gas  wells  on  the  segregated  lands,  though  on  the 
allotted  Indian  lands  in  the  Henryetta  district  there  are  oil  and  gas 
wells.  The  protection  of  working  mines  from  gas  wells  is  given 
careful  attention  by  the  bureau's  McAlester  office,  in  cooperation 
with  the  State  inspector  of  mines  and  the  inspectors  of  the  petroleum 
division  of  the  bureau.  A  written  form  of  agreement  covering  oil 
and  gas  well  drilling  operations  on  allotted  Indian  coal  lands,  to  be 
signed  by  both  the  coal-land  lessees  and  the  oil  and  gas  lessees,  has 
been  prepared,  in  cooperation  with  attorneys,  and  is  usually  readily 
entered  into  by  both  coal  and  oil  and  gas  lessees  when  their  leases 
cover  the  same  tract  of  allotted  Indian  lands. 

87068**— BuU.  141—17 i 
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8TJPEBVISI0N  OF  OIL  AND  GAS  LEA8B8  IN  BIVSB  BSS& 

During  the  fiscal  year  1916  the  district  engineer  of  the  bureau  for 
the  southwestern  coal-mining  district  has  continued  work  as  repre- 
sentative of  the  Federal  Government  on  the  supervisory  conmiittees 
appointed  by  the  Federal  judges  in  the  eastern  and  western  judicial 
districts  of  Oklahoma.  This  committee  has  charge  of  the  physical 
operation  of  oil  and  gas  wells  operating  in  the  beds  of  the  Cimmar- 
ron  and  Arkansas  Rivers,  pending  the  suits  to  determine  the  rightful 
owners  of  the  oil.  The  State  of  Oklahoma  and  the  Federal  Govern- 
ment each  has  one  representative  on  the  supervisory  colnmittee.  In 
each  judicial  district  there  is  a  receiver  appointed  to  receive  the 
royalty  in  dispute. 

This  work  has  produced  large  returns  in  cash,  although  the  time 
required  of  the  district  engineer  to  do  this  work  has  at  no  time 
amounted  to  more  than  two  to  four  days  a  month. 

HIKE  DraPECnoN  nr  alaseea. 

GENESAL  CONDITIONS  IN  THE  TEB&ITOBY. 

Shortly  after  the  Bureau  of  Mines  was  established  in  1910,  the 
Secretary  of  the  Interior  authorized  the  bureau  to  take  charge  of 
the  inspection  of  mines  in  Alaska,  and  Congress  has  for  several  years 
provided  for  the  employment  of  a  Federal  inspector  of  mines  for 
Alaska  who  is  under  the  supervision  of  the  Director  of  the  Bureau 
of  Mines  and  renders  an  annual  report  to  the  Secretary  of  the  In- 
terior through  the  director. 

The  report  for  the  fiscal  year  1916  shows  that  the  year  was  par- 
ticularly prosperous  for  the  Territory,  owing  to  the  war  demand 
for  its  metals  and  fish,  the  construction  of  the  Government  railroad, 
the  opening  of  the  coal  lands  to  lease,  the  taking  up  of  considerable 
areas  by  homesteaders,  and  a  particularly  long  and  dry  summer 
which  favored  crop  growing  during  1916. 

The  war  demand  which  raised  the  price  of  metals  forced  the  pro- 
duction of  the  operating  mines  far  beyond  the  ordinary  figures, 
caused  the  reopening  of  others  that  had  been  idle  since  the  fall  of 
the  price  of  copper  in  1907,  and  stimulated  both  capitalists  and 
prospectors  to  discover  promising  prospects. 

The  construction  work  on  the  Government  railroad  gave  employ- 
ment to  several  thousand  men  and  assured  transportation  to  remote 
parts  of  the  Territory,  previously  almost  inaccessible  on  account 
of  the  excessive  cost  of  freighting.  The  railroad  is  thus  opening 
new  fields  both  to  the  miner  and  to  the  farmer. 

The  opening  of  coal  lands  outside  the  Bering  River  and  Matanuska 
coal  fields  for  free-use  10-acre  permits  has  offered  a  cheap  coal  for 
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local  use,  and,  although  the  larger  tracts  in  the  Bering  River  and 
Matanuska  fields  have  only  recently  been  laid  out  in  units  for  leas- 
ing, it  is  hoped  that  the  development  and  production  of  coal  in  these 
fields  will  be  rapid,  leading  to  the  manufacture  of  coke  and  eventu- 
ally to  the  erection  of  smelting  and  other  plants. 

FIBST-AID  AND  lONS-BESCXTX   OBaANIZATION. 

First-aid  training  made  rapid  progress  at  Juneau,  where  several 
hundred  miners  were  given  more  or  less  instruction.  At  the  Panama- 
Pacific  Exposition,  during  September,  1915,  a  team  representing  a 
large  gold-mining  company  tied  for  fourth  place  in  competition  with 
25  other  teams,  many  of  which  had  had  previous  experience  in  com- 
petitive work  and  years  of  training. 

HINEBAL  PBOPUCTION. 

The  production  of  placer  gold  fell  off  slightly  during  the  fiscal  year, 
owing  to  the  exhaustion  of  some  of  the  richer  placers,  but  the  lode 
gold  output  was  considerably  increased  by  the  opening  of  large  low- 
grade  properties  near  Juneau.  The  production  of  copper  more  than 
doubled  in  tonnage  and  trebled  in  value.  Antimony,  which  is  found 
associated  with  the  lode  gold  of  the  Fairbanks  district  and  previ- 
ously was  shipped  only  intermittently,  was  eagerly  sought  by  ore  buy- 
ers, and  tin,  marble,  and  gypsum  ran  about  the  same  as  the  year 
before.  A  small  amount  of  oil  was  produced  at  Katalla,  but  lack  of 
transportation  facilities  and  financial  difficulties  prevented  the  com- 
pany operating  there  from  producing  on  a  scale  of  any  magnitude. 

The  mineral  output  of  Alaska  in  the  calendar  year  1915,  according 
to  the  United  States  Greological  Survey,  includes  the  following  totals : 
Copper  valued  at  $15,139,129;  gold  valued  at  $16,702,144;  silver 
valued  at  $543,393 ;  tin,  lead,  antimony,  marble,  gypsum,  coal,  and 
petroleum  valued  at  $469,503.^ 

COAL  LEASEa 

Lfocal  users  of  coal  in  the  immediate  vicinity  of  the  various  coal 
fields  have  been  prompt  to  take  advantage  of  the  act  of  October  20, 
1914,  authorizing  the  issuance  of  permits  to  mine  coal,  without  pay- 
ment of  royalty,  from  10-acre  tracts.  Some  two  dozen  permits  have 
.been  granted.  These  cover  areas  from  Juneau  to  Candle  Creek,  north 
of  Nome,  with  the  majority  along  the  shores  of  Cook  Inlet.  Opera- 
tions have  also  been  resumed  on  groups  of  patented  ground  in  the 

«  Preliminary  estlmatefl  by  th«  Survey  show  the  followlnir  flgnres  for  the  calendar  year 
1»16:  Copper,  $32,400,000;  gold,  $17,050,000;  silver,  $850,000;  lead,  tin,  antimony, 
tungsten,  petroleum,  marble,  gypsum,  and  coal,  $350,000. 
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Bering  River  field,  and  private  capital  is  to  construct  a  railroad  to 
that  field. 

To  furnish  a  supply  of  fuel  for  the  Alaskan  Engineering  Com- 
mission, a  5-foot  bed  on  the  west  bank  of  Moose  Creek  in  the 
Matanuska  field,  about  a  mile  and  a  half  upstream  from  the  rail- 
road right  of  way,  was  opened. 

The  Bering  River  and  Matanuska  fields  were  opened  for  leasing 
in  May,  1915,  and  the  time  for  the  return  of  bids  was  extended  into 
the  fiscal  year  1916. 

GOVEBNMENT   RAILBOAD. 

The  Government  railroad  imder  construction  from  the  coast  to  the 
interior  has  been  laid  to  the  central  part  of  the  Matanuska  coal  field 
and  will  be  advanced  along  the  main  line  or  by  spurs.  The  docks  at 
Seward  were  rebuilt  and  the  Alaska  Northern  has  been  rehabilitated 
between  Seward  and  Kern  Creek.  Track  has  been  laid  about  15  miles 
southeast  of  Anchorage  to  Potter  Creek  on  Tumagain  Arm.  From 
Matanuska  Junction  30  or  40  miles  of  track  has  been  laid  along  the 
main  line,  and  in  the  Susitna  Valley  between  Montana  Creek  and 
Indian  River  over  70  per  cent  of  the  right  of  way  has  been  cleared. 
Work  at  Nenana  has  proceeded  up  the  Nenana  Valley  to  unite  with 
the  line  coming  up  the  Susitna  at  Broad  Pass  and*  up  the  Tanana 
Valley  toward  Fairbanks. 

WOBK  OF  THE  INSPECTOB. 

The  mines  tributary  to  Cook  Inlet,  Prince  William  Sound,  the 
Copper  River,  Juneau,  and  Ketchikan  were  inspected  during  the 
fiscal  year  1916.  An  examination  was  made  of  the  Matanuska  coal 
field  during  the  summer  of  1915  to  subdivide  the  field  into  leasing 
blocks,  and  the  Federal  inspector  made  a  trip  to  Washington,  D.  C, 
early  this  spring  in  connection  with  the  same  work.  While  in  Wash- 
ington the  inspector  attended  the  safety-first  exhibition  as  a  dele- 
gate from  the  Territory.  His  reports  on  the  mining  and  mine  inspec- 
tion in  the  Territory  for  the  calendar  years  1915  and  1916  are  in 
course  of  publication  by  the  Bureau  of  Mines. 

FBOSECUTIONS. 

One  case  for  not  reporting  serious  accidents  was  brought  in  the 
name  of  the  Territorial  inspector  by  the  Federal  and  Territorial  in- 
spectors. The  case  charged  a  mining  company  with  not  reporting 
a  gas  explosion  in  which  two  men  were  seriously  burned.  The  court 
dismissed  the  defendant,  as  the  Territorial  law  did  not  define  a 
serious  accident. 
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SAFETT,  SAHITATIOn,  AKD  HEALTH  INVESTIOATIOnS  IH  lEEIAL 

MINES. 

FlTIiliONABY  DISEASE  AMONG  MINEBS  IN  JOPLIN  DISTRICT, 

MISSOTJBI. 

During  the  latter  part  of  1914  it  became  possible  to  take  up,  in 
cooperation  with  the  United  States  Public  Health  Service,  an  in- 
vestigation of  siliceous  dust  and  its  effects  on  the  health  of  miners 
in  the  Joplin  district,  Missouri.  Complaints  that  had  been  made 
indicated  that  a  large  percentage  of  the  miners  were  suffering  from 
tuberculosis  as  a  result  of  breathing  mine  air  containing  large  quan- 
tities of  dust. 

A  mining  engineer  of  the  bureau  and  a  passed  assistant  surgeon  of 
the  United  States  Public  Health  Service  made  a  preliminary  survey 
of  conditions  during  the  latter  part  of  1914.  Their  activities  em- 
braced mines  in  Jasper,  Lawrence,  Newton,  and  Greene  Counties, 
Mo.,  and  outlying  districts  in  Kansas  and  Oklahoma.  It  soon  became 
apparent  to  the  investigators  that  the  trouble  was  chiefly  confined  to 
what  is  known  as  the  sheet-ground  mines  in  Jasper  County,  so  that 
the  greatest  amount  of  time  was  devoted  to  this  particular  district. 

While  the  representative  of  the  Public  Health  Service  devoted  his 
time  chiefly  to  determining  the  prevalence  of  puhnonary  trouble,  the 
bureau's  mining  engineer  visited  the  principal  sheet-ground  mines 
for  the  purpose  of  studying  mining  conditions  and  determining  the 
quantity  of  dust  that  existed  in  the  mines  by  reason  of  the  various 
operations  of  mining. 

The  investigators  procured  the  active  cooperation  of  State  and 
county  officials  and  of  various  societies  and  individuals.  The  mining 
engineer  was  aided  by  the  three  State  deputy  mine  inspectors  of  the 
district.  At  the  suggestion  of  the  investigators  an  organization 
known  as  the  Southwestern  Missouri  Mine  Safety  and  Sanitation 
Association  was  perfected. 

On  the  completion  of  the  preliminary  investigation  a  report  was 
made  setting  forth  the  causes  of  dust  in  the  mines  and  offering  sug- 
gestions for  the  improvement  of  conditions.  It  was  also  recom- 
mended that  laws  be  enacted  providing  for  the  use  of  dust-abating 
devices,  and  that  an  intensive  educational  campaign  be  carried  on 
among  the  miners  and  their  families  with  a  view  to  pointing  out  the 
dangers  of  breathing  the  siliceous  dust  in  the  mines. 

At  the  request  of  many  prominent  operators  of  the  district,  the  two 
investigators  returned  to  the  district  early  in  February,  1915,  for  the 
purpose  of  assisting  in  an  educational  campaign  and  pursuing  the 
investigation  of  undergroimd  and  surface  conditions.  A  clinic  was 
opened  and  miners  were  examined  and  advised  free  of  cost  by  the 
repr^|9entative  of  the  Public  Health  Service.    The  bureau's  engineer 
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remained  in  the  district  until  July  19,  1915,  during  which  time  he 
was  enabled  to  make  a  thorough  investigation  of  the  details  con- 
nected with  the  production  and  abatement  of  siliceous  dust  in  the 
mines.  He  also  took  an  active  part  in  the  educational  work,  address- 
ing, in  small  groups,  practically  every  miner  in  the  sheet-ground  dis- 
trict, calling  their  attention  to  the  dangers,  of  breathing  the  dust  and 
soliciting  their  cooperation  in  bettering  ccmditions.  Public  meetings 
were  held,  at  which  a  total  of  2,700  miners  were  addressed.  At  these 
meetings  moving  pictures  pertaining  to  sanitation  and  safety  and 
slides  showing  magnified  particles  of  siliceous  dust  were  exhibited. 

In  the  end  the  active  cooperation  of  a  large  proportion  of  the 
miners  was  obtained.  At  first  they  were  inclined  to  regard  lightly 
the  warnings  and  suggestions  offered,  but  when  they  learned,  through 
the  agency  of  the  many  addresses  made  to  them,  the  dangers  of  the 
situation,  they  were  not  long  in  getting  behind  the  movement  to  re- 
move the  cause  of  the  trouble.  In  March,  1915,  the  Missouri  State 
Legislature  enacted  into  law  bills  providing  for  better  sanitary  con- 
ditions in  and  about  the  mines,  the  installation  of  spraying  devices, 
and  the  building  of  sanitary  wash  and  change  houses. 

The  outstanding  features  and  results  of  the  investigation  were  as 
follows: 

Although  miner's  consumption  was  due  to  the  siliceous  dust,  many 
other  factors  were  responsible  for  the  consequent  tuberculous  infec- 
tion, the  chief  of  these  probably  being  poor  living  and  housing  condi- 
tions. Seven  hundred  and  sixty-one  premises  occupied  by  miners 
were  visited  and  revealed  that  overcrowding,  lack  of  cleanliness,  and 
especially  an  absence  of  sanitary  privies  were  common. 

It  was  determined  that  siliceous  dust  existed  in  varying  quantities 
in  all  of  the  sheet-ground  mines,  and  that  this  dust  was  composed  of 
particles  of  flint  that  contained  usually  more  than  90  per  cent  of 
siliceous  residue.  The  dust  particles  are  sharp  edged,  often  blade- 
like or  knife-like  in  shape.  Owing  to  their  chemical  composition 
they  do  not  dissolve  after  having  been  taken  into  the  lungs.  This 
fact,  together  with  the  shape  of  the  dust  particles,  makes  it  possible 
for  them  to  penetrate  the  cell  walls  of  the  lung  tissue,  thus  pr^aring 
a  place  for  the  lodgment  of  tubercular  germs. 

The  size  of  the  siliceous  dust  particles  was  studied.  A  number  of 
microscopic  slides  were  made  from  the  sputmn  of  miners  afflicted 
with  miner's  consumption,  in  which  the  siliceous  dust  could  be 
plainly  seen.  The  majority  of  dust  particles  were  3  to  5  microns 
in  diameter  and  smaller,  hardly  any  being  larger  than  8  microns;  it 
would  appear  then  that  it  is  the  very  fine  dust  that  is  dangerous, 
because  only  these  fine-sized  particles  can  penetrate  into  the  lung  cells, 
a  conclusion  in  harmony  with  that  reached  by  investigators  in  South 
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African  mines,  who  declare  that  no  particles  larger  than  22  microns 
in  dimmeter  panoianently  affect  the  lung  tissue. 

A  preliminary  report  was  published  by  the  bureau,  and  the  final 
rqxirt  will  be  published  at  an  early  date. 

The  results  of  this  work  have  been  of  great  benefit  to  the  miners 
and  operators  of  the  Joplin  district.  Although  the  work  done  re- 
sulted in  intensive  efforts  to  remove  the  cause  of  the  trouble,  it  is 
not  to  be  expected  that  the  disease  will  be  immediately  eradicated. 
Several  years  may  pass  before  the  real  benefits  will  be  felt.  The 
immediate  results  have  been  a  decided  improvement  in  sanitary 
conditions  and  almost  a  complete  elimination  of  the  cause  of  the 
trouble. 

A  great  factor  in  the  results  obtained  was  the  educational  work 
that  was  carried  on,  not  only  among  the  miners,  but  also  among  the 
operators.  The  miners  were  shown  the  dangers  of  breathing  silice- 
ous dust,  and  the  operators  were  convinced  that  poor  sanitary  con- 
ditions and  dusty  mines  resulted  only  in  making  their  employees 
unfit  for  the  arduous  tasks  that  miners  are  called  upon  to  perform. 

SILICOSIS  AMONG  MINERS  IN  BUTTE,  MONTANA. 

In  May,  1916,  the  Bureau  of  Mines,  in  cooperation  with  the  Pub- 
lic Health  Service,  undertook,  in  the  mines  of  Butte,  Mont.,  an  inves- 
tigation into  health  hazards,  particularly  silicosis.  It  was  thought 
that  the  investigaticm  would  closely  parallel  that  carried  into  effect 
in  the  Joplin  region,  but  as  the  investigation  has  developed  its  scope 
has  necessarily  widened,  and  it  is  probable  that  before  definite  con- 
clusions can  be  reached  careful  study  must  be  made  not  only  of  dust 
conditions  and  of  methods  of  allaying  the  dust,  but  also  of  prob- 
lems of  ventilation,  heat,  humidity,  etc.,  which  appear  to  have  a  direct 
bearing  on  health  conditions  in  general  as  well  as  on  silicosis.  There 
are  approximately  40  large  mines  in  Butte,  many  of  which  have  men 
working  to  depths  as  great  as  3,300  feet,  and  there  are  approximately 
15,000  miners  in  the  district.  Progress  reports  are  being  made  from 
time  to  time,  and  a  final  report  will  be  made  on  completion  of  the  in- 
vestigation. 

HOOKWOBM  INFECTION  IN  THE  DEEP  MINES  OF  THE  MOTHEB 

LODE,  GAIilEOBNIA. 

As  a  result  of  the  work  of  several  practicing  physicians,  it  became 
evident  that  some  of  the  miners  in  the  deep  gold  mines  of  the  Mother 
Lode  in  California  were  infected  with  hookworm.  As  hookworm  in- 
fection is  a  communicable  disease,  the  State  board  of  health  was  de- 
sirous of  stamping  it  out*,  and  as  the  infection  in  mines  might  be 
regarded  as  an  industrial  injury,  the  industrial  accident  commis- 
sion of  the  State  was  anxious  to  eradicate  it.    The  Bureau  of  Mines 
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has  been  charged  with  investigations  looking  to  improving  conditions 
that  impair  the  health  of  miners,  and  as  miners  who  become  infected 
in  one  State  may  spread  the  infection  to  miners  in  other  States,  the 
bureau  was  doubly  interested  in  preventive  measures.  The  three 
agencies  mentioned  arranged  for  a  cooperative  investigation  of  hook- 
worm infection  among  miners  in  the  California  mines.  The  largest 
share  of  the  expense  of  the  investigation  was  borne  by  the  California 
State  Board  of  Health;  most  of  the  field  work  was  done  by  the 
Bureau  of  Mines. 

SERIOUSNESS  OF  HOOKWORM  INFECTION  IN  THE  DISTRICT. 

The  investigation  showed  that  the  infection,  although  widespread, 
is  at  present,  in  many  cases,  not  far  advanced.  The  hookworm  is  an 
insidious  parasite.  It  does  not  actually  kill,  but  extends  its  influence 
in  a  quiet,  cumulative  maimer,  and  in  different  directions.  A  man 
can  not  enjoy  normal  health  while  the  worms  are  hooked  to  the  inade 
of  his  intestines  and  daily  sucking  his  blood.  This  fact  was  illus- 
trated by  the  testimony  as  to  improved  physical  condition  ^v^i  by 
some  of  the  miners  after  taking  the  hookworm  treatment.  It  should 
be  remembered  that  although  a  miner  with  hookworm  may  not  be 
seriously  affected  himself,  there  is  always  danger  of  his  spreading 
the  infection  if  he  commits  a  nuisance  in  a  place  favorable  to  the  de- 
velopment of  the  eggs. 

Fecal  specimens  from  1,096  of  the  working  men  from  eight  Mother 
Lode  mines  were  microscopically  examined  for  hookworm  eggs.  Of 
the  1,096  examined  337,  or  31  per  cent,  were  infected  with  hookworms: 

CAUSES  OF  INFECTION. 

A  report  of  the  investigation,  now  in  course  of  publication  Ky  the 
Bureau  of  Mines,  shows  that  the  source  of  all  hookworm  infection — 
discharges  from  the  bowels — is  spread  by  inadequate  or  inefficiently 
maintained  toilet  facilities,  and  that  hookworm  larvae  can  gain  en- 
trance to  the  body  through  the  mouth  or  through  the  skin  after  it  has 
been  broken,  and  can  bore  through  the  intact  skin  at  whatever  place 
infected  dirt  happens  to  come  in  contact  with  the  body.  A  miner  can 
not  do  his  work  without  getting  dirt  on  his  hands  and  clothing ;  there- 
fore his  safety  lies  in  keeping  the  dirt  of  the  mines  as  noninfectious  as 
possible. 

RECOMMENDATIONS    FOR   PREVENTION. 

As  a  result  of  the  investigation  a  munber  of  recommendations  for 
preventing  future  infection  of  the  mines  and  for  minimizing  dangers 
from  existing  infectious  areas  were  made.  *  These  provide  for  physi- 
cal examination  of  all  mine  employees  in  the  Mother  Lode  mines; 
treatment  of  infected  miners ;  issuance  of  a  "  hookworm  certificate  " 


MINIKG  INVESTIGATIONS.  57 

showing  a  miner  to  be  free  from  the  infection;  detailed  improve- 
ments of  toilet  facilities;  extermination  of  rats  from  the  mines;  sani- 
tary eating  places;  sanitary  drinking  fountains  or  sanitary  water 
kegs;  effective  mine  drainage;  improved  wash  and  change  houses; 
and  instruction  of  the  miners  as  to  the  causes,  nature,  and  prevention 
of  hookworm. 

DTVESTiaATIOn  OF  LOW-GRADE  COMPLEX  0£ES  IN  THE 

SILVEBTON  DISIBICT,  COLO. 

In  response  to  numerous  requests  for  assistance  in  evolving  suit- 
able processes  for  treating  the  low-grade  complex  sulphide  ores  of 
the  Silverton  district,  Colo.,  the  bureau  undertook  an  investigation 
of  these  ores.  Late  in  May,  1913,  a  junior  geologist  of  the  Bureau  of 
Mines  was  sent  to  the  Silverton  district  to  conduct  the  investigation. 
The  ore  deposits  are  vast  and  the  problems  to  be  solved  are  compli- 
cated by  the  fact  that  th«*  ores  represent  the  lean  stumps  of  previously 
worked  bonanza  ore  bodies. 

These  are  for  the  most  part  intimate  mixtures  of  all  the  common 
sulphides  carrying  appreciable  values  of  silver  and  at  times  gold,  and 
hence  require  both  concentration  and  separation.  On  account  of  their 
complex  nature,  mill  recoveries  and  separations  have  been  at  many 
mines  so  poor  and  imperfect  that  the  mines  could  not  be  profitably 
o;)erated.  The  purpose  of  this  investigation  is  to  get  at  the  relations 
of  the  minerals  in  the  ores  and  the  manner  of  occurrence  of  the 
precious  metal  content  in  order  that  the  causes  of  the  difficulties  en- 
countered in  milling  may  be  ascertained  and  means  found  whereby 
the  recoveries  can  be  increased  and  the  separations  improved.  If 
this  can  be  accomplished,  it  will  make  possible  the  reopening  and 
profitable  working  of  many  mines  in  that  region  that  are  now  idle. 
Moreover,  the  problem  is  not  restricted  to  the  region  in  which  the 
investigation  is  being  made,  but  is  one  that  is  encountered  in  many  of 
the  western  mining  districts,  and  its  solution  will  consequently  yield 
as  widespread  benefits. 

The  bureau's  representative  has  carefully  studied  the  conditions  in 
the  district  and  has  collected  many  samples  of  the  various  ores. 
From  these  samples  polished  sections  were  made  for  a  metallo- 
graphic  study,  which  has  already  yielded  much  valuable  information 
as  to  the  composition  and  character  of  the  ores  and  the  reasons  for 
the  low  recovery  obtained  by  the  concentrating  methods  used.  The 
next  step  will  be  investigation  to  ascertain  the  proper  means  of  con- 
centration. Though  the  bureau  is  somewhat  handicapped  by  a  lack 
of  facilities  for  such  work,  the  investigations  are  expected  to  yield 
suggestions  of  practical  value  to  the  operators  of  the  Silverton  dis- 
trict and  to  owners  of  similar  ores  in  all  parts  of  the  United  States. 
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ooHPER  msiBe  nr  itew  mexico. 

It  is  a  far  cry  from  the  unsystematic  and  haphazard  methods  of 
early  mining  to  the  carefully  organized,  strongly  financed,  and  effi- 
ciently planned  mining  efforts  "of  to-day.  Many  large  mining  compa- 
nies now  work  as  systematically  as  the  best  manufacturing  enterprises. 
Study  and  the  publication  of  results  obtained  inevitably  help  the 
mining  industry  as  a  whole.  Problems  solved  in  one  mining  district 
mean  that  some  other  district  will  become  prosperous. 

In  Bulletin  107,  entitled  "  Prospecting  and  mining  of  copper  ore 
in  Santa  Rita,  N.  Mex.,"  the  bureau  presents  the  results  of  a 
study  of  a  most  important  phase  of  metal  mining,  namely,  the  open- 
cut  method,  where  steam  shovels  are  employed  to  load  the  ore. 

CODHTCATIOir  AHS  AHBOTATIOir  OF  HlimiO  LAWB. 

One  of  the  activities  of  the  bureau  has  been  the  coUection,  codifica- 
tion, and  annotation  of  the  various  American  and  foreign  mining 
laws,  statutes,  and  decisions. 

It  was  believed  that  the  bui«eau  could  well  serve  the  mining  indus- 
try by  a  complete  collection  and  a  systematic  grouping  of  tiie  mining 
statutes.  The  United  States  statutes  relating  to  the  location  of  min- 
ing claims  on  the  public  domain  have  been  enforced  since  1872. 
Various  amendments  have  been  added  from  time  to  time,  and  all  these 
have  been  variously  construed  by  the  several  courts.  Federal  and 
State.  Up  to  the  time  of  the  organizaticm  of  the  bureau  no  effort 
had  been  made  to  collect  and  arrange  these  various  acts  except  in  the 
United  States  Revised  Statutes  of  1878,  and  practically  nothing  had 
been  accomplished  in  the  way  of  a  gHieral  codificaticm  of  the  origi- 
nal statutes  and  the  various  amendatory  acts  with  the  construction 
placed  thereon  by  the  various  courts.  The  chaotic  condition  of  theee 
mining  statutes  was  regarded  as  a  handicap  to  the  metal-mining 
industry,  as  the  location  of  mining  claims  and  the  (^ration  of  mines 
of  precious  metals  depended  on  these  statutory  enactments. 

The  first  general  legal  work  of  the  bureau  was  a  complete  collec- 
tion, codification,  and  annotation  of  all  congressional  ^laoianents  re- 
lating to  minerals,  mineral  lands,  and  mining.  This  work  was  com- 
pleted in  1915.  The  results  are  printed  in  two  large  volumes  contain- 
ing in  all  1,875  pages,  entitled  "  United  States  Mining  Statutes  An- 
notated,'' and  published  as  Bulletin  94.  The  work  includes  every 
enactment  of  Congress  from  the  original  ordinance  of  1875  to  the 
day  of  its  publication  and  all  sections  of  the  Revised  Statutes  of  the 
United  States  relating  to  the  subject  of  mines.  The  statutes  are 
grouped  according  to  their  general  subject  matter,  and  the  statutes 
in  each  group  are  arranged  in  numerical  or  chronological  ordar.    In 
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addition  to  the  sections  of  the  Revised  Statutes  of  1878  and  the  acts 
relating  to  metal,  coal,  and  oil  and  gas  are  included  statutes  bearing 
on  the  mining  industry  in  Alaska,  Indian  lands,  and  the  Philippine 
Islands  and  relating  to  lead  mines,  pipe  lines,  railroad  grants,  rights 
of  way,  salines  and  salt  springs,  settlers'  relief  acts.  State  and  public 
grants,  stone  lands,  timber  cutting  for  mining  purposes,  town  sites, 
tunnel  acts,  and  withdrawals. 

AU  sections  of  the  Berised  Statutes  and  all  statutes  at  large  not 
covered  by  them  and  statutes  since  enacted  are  thoroughly  annotated. 
These  annotations  consist  of  carefully  prepared  abstracts  of  de- 
cisions of  all  courts  and  public  offices  in  which  any  of  these  sections 
or  statutes  have  been  construed  and  applied. 

The  annotations  are  arranged  under  each  section  or  statute  and 
are  grouped  under  prominent  and  appropriate  title  lines  with  a  view 
to  the  logical  sequence  of  the  various  subjects  or  titles  and  consist  of 
plain  provisions  of  law  intelligible  alike  to  miners  and  laymen.  The 
annotations  exhibit  the  present  status  of  each  particular  section  or 
act  and  its  present-day  application  to  the  subject  of  mines  and  min- 
eral lands.  They  show  that  the  courts  have  cured  obvious  defects, 
made  clear  many  uncertainties,  and  aided  the  practical  application 
of  the  statutes  in  the  matter  of  locating  mining  claims  upon  the  pub- 
lic lands. 

The  decisions  abstracted  for  the  purpose  of  the  work  are  found  in 
the  United  States  Supreme  Court  reports ;  the  various  Federal  court 
reports;  the  decisions  of  the  General  Land  Office  as  reported  in  vari- 
ous volumes ;  the  decisions  of  the  Attorney  General ;  and  the  reports 
of  the  various  metal  mining  States,  including  in  all  not  less  than 
1,000  volumes. 

It  has  been  a  matter  of  regret  to  the  director  that  free  distribution 
could  not  be  made  of  this  work  to  all  persons  requesting  it ;  but  the 
cost  of  publication  for  so  large  a  bulletin  required  that  it  should  be 
sold  for  a  sum  sufficient  only  to  cover  the  actual  expense  of  printing 
and  binding,  $2.50. 

CODIFICATION   OF  STATE  MIKING  STATUTES. 

The  bureau  is  now  engaged  and  has  well  under  way  a  companion 
work  proposed  to  include  the  mining  statutes  of  every  State  arranged 
in  chronological  or  logical  order,  with  annotations  following  the  plan 
and  style  of  those  in  the  United  States  mining  statutes.  This  work 
will  show  the  relative  merits  of  the  mining  laws  of  the  various  States 
and  is  intended  to  aid  in  obtaining,  so  far  as  practical  and  possible, 
uniform  mining  laws. 

Practical  miners  are  more  or  less  migratory.  In  passing  from 
State  to  State  they  are  confronted  with  different  systems  of  laws 
and  they  must  necessarily  learn  the  leading  features  and  know 
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more  or  less  of  the  rules  and  regulations  under  which  they  work  in 
the  different  States.  It  is  believed  that  this  is  not  only  a  cause  of 
annoyance  but  is  in  fact  a  source  of  many  accidents  resulting  in 
injury  and  loss  of  life.  With  a  uniform  £fystem  of  laws  throughout 
all  the  coal-mining  States  and  a  like  system  in  the  metal-mining 
States,  miners  may  pass  from  one  State  and  from  one  mine  into 
another  and  ply  their  vocation  as  miners  without  embarrassment  and 
with  safer  and  saner  results  in  their  operations. 

EULES  AND  BEOTnLAIIOHS  FOE  METAL  MINES. 

Along  this  line  of  uniformity  of  mining  laws  and  regulations  the 
bureau  takes  pride  in  saying  that  in  connection  with  the  efforts  of 
the  American  Mining  Congress  there  have  been  worked  out  and  given 
to  the  public  uniform  rules  and  regulations  for  metal  mines.  As  early 
as  1906  the  American  Mining  Congress  appointed  a  committee  con- 
sisting of  W.  R.  Ingalls,  chairman,  J.  Parke  Channing,  James  Doug- 
las, James  R.  Finley,  and  John  Hays  Hammond  to  draft  a  modem 
law  governing  quarrying  and  metalliferous  mining  which  could  be 
recommended  to  the  several  States  for  adoption,  in  the  hope  that  the 
passage  of  such  a  uniform  law  would  tend  to  lower  the  number  of 
fatal  and  serious  accidents.  This  committee,  after  the  organization 
of  the  Bureau  of  Mines,  worked  in  harmony  with  the  bureau  and  has 
recently  reported  a  draft  of  an  ideal  metalliferous  mining  act,  includ- 
ing a  general  system  of  rules  for  the  control  of  all  metal  mines,  with 
general  safety  precautions.  The  bureau  has  the  satisfaction  of  know- 
ing that  the'  rules  and  regulations  thus  reconmiended  have  been 
adopted  by  operators  of  some  of  the  largest  mines  in  the  metal- 
mining  States,  and  it  is  believed  that  sooner  or  later  a  substantially 
uniform  law  will  be  enacted  by  the  several  States. 

IMPEOVEMENTS  IN  COAL-MINING  METHODS. 

Efforts  are  being  made  in  the  different  coal-mining  districts  to 
increase  both  safety  and  efficiency.  In  some  districts  progress  has 
been  more  rapid  than  in  others.  However,  the  general  interest  in 
safety  and  the  general  desire  to  do  everything  possible  to  improve 
conditions  is  most  encouraging. 

WESTEBN    PENNSYLVANIA. 

The  room-and-pillar  system  of  mining  is  in  general  use  in  this 
field.  In  some  districts  a  panel  system  with  about  25  rooms  driven 
on  each  side  of  the  pair  of  entries  is  usual.  Most  of  the  rooms  are  20 
to  24  feet  wide  and  the  pillars  are  15  to  24  feet  wide.  In  the  system 
used  most  extensively  rooms  280  feet  long  are  driven  off  one  side 
when  advancing,  the  pillars  being  drawn  as  soon  as  rooms  reach  the 
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full  distance,  and  200-foot  rooms  are  driven  off  the  other  entry  in 
retreating.  Under  heavy  cover  there  has  been  some  diflSculty  in  win- 
ning all  the  pillar  coal  on  the  retreat.  In  consequence,  at  some  mines, 
the  butt  entries  are  450  feet  apart,  the  advance  rooms  are  350  feet 
long,  and  the  50-foot  pillar  on  the  other  side  of  the  pair  of  entries  is 
taken  when  entry  pillars  are  withdrawn.  This  modification  has  given 
greater  success. 

In  the  Pittsburgh  district  another  development  in  mining  methods 
is  the  use  of  a  long- wall  system  of  mining  by  a  company  not  work- 
ing the  Pittsburgh  coal.  The  coal  is  soft,  the  bed  is  about  3  to  4  feet 
thick,  the  cover  is  heavy,  being  700  to  1,000  feet  thick,  and  the  roof 
breaks  badly  and  often  to  a  considerable  height.  The  coal  is  mined 
from  a  300- foot  face  and  little  shooting  is  necessary. 

The  adoption  of  miners'  electric  lamps,  after  a  number  had 
been  approved  by  the  Bureau  of  Mines,  is  proceeding  rapidly.  About 
80,000  portable  electric  mine  lamps  approved  by  the  bureau  were  in 
use  in  coal  mines  in  the  United  States  on  January  1,  1917. 

Shot  firing  by  shot  firers  is  being  adopted  extensively.  In  many 
mines  assistant  foremen  act  as  shot  firers.  This  practice  gives  the 
shot  firer  more  authority,  and  should  make  for  greater  safety. 

One  large  company  uses  permissible  explosives  exclusively,  and  an- 
other company  uses  them  in  about  one-half  of  its  gaseous  mines. 
The  general  use  of  these  explosives  has  been  retarded  somewhat  by 
increased  cost. 

The  coal-dust  menace  is  generally  combated  by  watering  or  the 
use  of  deliquescent  salts.  One  company,  in  cooperation  with  the 
Bureau  of  Mines,  has  recently  tried  making  the  coal  dust  inert  by 
the  use  of  rock  dust,  with  satisfactory  results.  The  protection  is  much 
greater  than  by  watering  and  the  cost  is  not  excessive.  A  wider 
adoption  of  dusting  is  probable  if  suitable  grinding  plants  are  con- 
structed. 

A  large  number  of  central  rescue  stations  have  been  installed  in 
western  Pennsylvania,  largely  as  a  result  of  rating  systems  adopted 
by  insurance  companies  and  the  educational  work  of  the  Bureau  of 
Mines.  Safety  committees,  frequent  inspection,  well-devised  rules 
and  regulations  printed  in  several  languages  and  distributed  to  the 
miners,  abundant  danger  signals,  mechanical  safeguards  for  ma- 
chinery, block  signals  for  electric  haulage,  underground  escape  ways 
for  the  men  in  the  larger  mines  using  safety  lamps,  and  weU-organ- 
ized  first-aid  and  rescue  teams  are  other  features  making  for  safety 
in  the  coal  mines  of  western  Pennsylvania. 

Also,  much  work  has  been  done  toward  improving  the  miner's 
living  conditions  by  providing  pure  water,  new  dwellings,  and  better 
sanitation,  and  by  encouraging  the  establishment  of  churches,  schools, 
and  playgrounds. 
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Since  the  beginning  of  coal  mining  in  Oklahoma  the  general  prac- 
tice has  been  to  shoot  the  coal  off  the  solid.  The  mines  are  worked 
by  the  room-and-pillar  method.  Since  the  Secretary  of  the  Interior 
issued  orders  covering  mines  on  the  segregated,  or  Indian,  coed  lands, 
there  has  been  a  decided  trend  toward  better  mining  methods.  In  a 
few  mines  the  advancing  long-wall  system,  using  machines,  has  been 
introduced  with  seeming  success.  With  this  method  practically 
all  the  coal  in  the  seam  is  recovered,  in  ccmtrast  to  a  recovery  of  only 
50  to  60  per  cent  with  the  room-and-pillar  mining.  Various  com- 
panies are  introducing  machines  for  undercutting  the  coal  and  are 
using  permissible  explosives  for  blasting.  These  improvements  will 
undoubtedly  work  to  the  advantage  of  the  industry. 

A  lack  of  electric  power  has  handicapped  the  introduction  of  some 
improvements,  but  a  central  power  company  is  now  making  arrange- 
ments for  extending  its  lines  to  the  various  mines. 

COIiOBADO  AND  WYOMING. 

Shooting  off  the  solid  with  black  powder  was  an  almost  universal 
practice  in  Colorado  and  Wyoming  until  a  few  years  ago.  At  present 
nearly  all  the  larger  companies  mine  the  coal  with  machines  or  with 
haQd  picks,  and  in  many  mines  permissible  explosives  are  used.  The 
room-and-piUar  system  is  generally  employed,  modified  by  panel 
methods  to  meet  differing  conditions  of  cover,  roof,  and  dip  of  bed. 
Most  of  the  larger  mines  use  electric  current,  each  mine  usually  gen- 
erating its  own  power.  Both  Colorado  and  Wyoming  have  been 
singularly  free  from  coal-mine  disasters  in  recent  years,  and  this 
advance  is  largely  attributed  to  better  methods  of  mining. 

Considerable  atteiition  is  being  paid  to  rendering  coal  dust  harm- 
less, both  by  humidifying  and  sprinkling,  and  by  using  rock  dust. 
Open  lights  were  formerly  used  in  practically  all  mines,  but  now 
both  electric  lamps  and  flame  safety  lamps  have  been  widely  in- 
troduced. 

Some  of  the  larger  coal  companies  have  their  own  rescue  cars,  with 
attendants  constantly  at  hand.  During  the  past  year  much  work  has 
been  done  for  the  welfare  of  the  miners.  Clubhouses,  washhouses, 
etc.,  have  been  introduced  in  many  coal-mining  communities.  That 
measures  for  the  welfare  and  safety  of  coal  miners  in  Colorado  are 
bearing  fruit  is  indicated  by  the  lessening  number  of  fatal  accidents. 
For  the  calendar  year  1916  these  amounted  to  43,  as  compared  with 
63  for  1915,  in  spite  of  the  fact  that  the  coal  output  for  1916  was 
approximately  20  per  cent  more  than  for  1915. 
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S0X7THE&N  APPAXiACHIAN   FIELDS. 

The  southern  Appalachian  fields  include  southwestern  Virginia, 
eastern  Kentucky  and  Tennessee,  and  northern  Alabama  and  Georgia. 
Most  of  the  mines  in  Alabama  are  opened  by  slopes,  the  room-and- 
pillar  system  is  used,  and  the  coal  is  shot  off  the  solid  with  black  pow- 
der. The  use  of  panels  has  recently  been  introduced  in  some  mines 
working  pitching  beds,  the  entries  being  driven  along  the  strike  of  the 
seam,  right  and  left  from  the  slope,  at  intervals  of  about  1,000  feet, 
and  at  intervals  of  1,000  feet  along  each  level  entry  panel  roads  are 
driven  up  the  dip.  From  the  panel  entries  the  rooms  are  turned  at 
right  angles  parallel  to  the  strike  of  the  bed. 

In  Kentucky,  Tennessee,  and  Virginia  little  coal  is  mined  at  great 
depths,  and  most  mines  are  opened  by  drifts.  The  room-and-pillar 
system  is  used,  the  thickness  of  the  pillars  varying  from  a  few  feet  to 
more  than  room  width,  acccx'ding  to  the  depth  of  cover.  In  some  dis- 
tricts the  pillars  have  been  too  thin,  and  parts  of  some  of  the  mines 
have  been  lost  through  squeezes.  The  proportion  of  coal  shot  from 
the  solid  is  annually  becoming  less  and  the  number  of  mining  ma- 
chines is  increasing. 

Many  of  the  mines  are  small  and  use  mule  haulage,  but  the  larger 
mines  use  electric  haulage.    A  few  mines  use  tail  rope. 

Some  mines  still  use  furnaces  for  ventilation,  but  furnaces  are 
gradually  being  replaced  by  fans  of  modern  type. 

Permissible  explosives  are  being  introduced  gradually.  Addi- 
tional attention  has  been  given  to  alleviating  the  coal-dust  hazard, 
principally  by  means  of  water  cars  and  watering  systems.  The  in- 
creasing demand  for  better  coal  and  the  higher  cost  of  production 
have  caused  many  operators  to  consider  improved  mining  machinery 
and  methods,  so  that  conditions  in  the  industry  as  a  whole  show 
decided  improvement. 

CENTRAL  IKTEBIOB  FIELDS. 

Operators  in  the  central  interior  fields,  including  Indiana,  Illinois, 
western  Kentucky,  Iowa,  and  northern  Missouri,  are  tending  to 
readjust  their  mine  layouts  to  the  panel  system  and  to  adopt  min- 
mg  methods  that  will  increase  the  percentage  of  coal  recovered. 
Storage-battery  locomotives  for  gathering  coal  are  being  used  more 
and  more,  and  the  introduction  of  the  combination  trolley  and 
storage-battery  locomotives  has  attracted  considerable  interest. 
Stripping  operations-  in  Illinois  are  very  active,  the  latest  plants 
using  revolving  steam  shovels  with  90- foot  booms,  the  buckets  having 
a  capacity  of  5  cubic  yards.  Further  use  of  electric  power  generated 
by  central  stations  is  planned.  Mines  developing  the  deeper  coal 
beds,  especially  in  Indiana,  are  finding  more  gas,  so  that  the  necessity 
for  giving  closer  attention  to  ventilation  is  evident.    In  the  newer 
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mines  the  three-entry  system  is  being  adopted  in  preference  to  the 
two-entry  system  commonly  used. 

WEST  VIBGINIA. 

The  year  1916  has  been  a  period  of  great  activity,  the  oatput  of  coal 
and  coke  has  been  large,  and  the  general  tendency  has  been  toward 
the  adoption  of  safer  and  more  economical  methods  of  mining.  The 
topography  of  the  coal-bearing  area  of  the  State  is  mostly  rugged ; 
hence  some  of  the  beds  mined  outcrop  at  900  feet  above  a  near-by 
stream,  whereas  others  have  shafts  600  feet  or  more  deep.  Room-and- 
pillar  mining,  with  two,  three,  and  four  entry  systems  is  used,  the  lat- 
ter two  being  confined,  as  a  rule,  to  large  mines.  So  far  as  known,  no 
long-wall  mining  is  done  in  the  State.  Room-and-pillar  Tnining  with 
panels  is  especially  adapted  to  many  of  the  beds,  on  accoimt  of  their 
being  continuous,  free  from  bad  faults,  and  lying  practically  leveL 

Some  of  the  most  improved  mine- ventilating  plants  in  the  United 
States  are  in  West  Virginia,  many  of  the  fan  houses  being  of  steel, 
stone,  or  concrete.  As  a  result,  the  fire  hazard  at  fans  has  been  re- 
duced to  a  minimum.  In  most  of  the  recent  plants  the  fans  are  not 
placed  in  direct  line  with  the  main  airways.  Stoppings  of  noncom- 
bustible  material  are  required  on  all  main  airways.  Rope  haulage  is 
used  to  some  extent,  but  mechanical  haulage  is  chiefly  through  elec- 
tric locomotives.  Steam,  gasoline,  and  compressed-air  locomotives 
are  also  used.  Mule  haulage  is  generally  confined  to  gathering  the 
coal.  There  are  many  small,  isolated  power  plants,  but  centralized 
power  stations  are  gaining  favor.  Many  mines  are  served  by  hydro- 
electric plants. 

In  order  to  prevent  accumulations  of  coal  dust  underground,  the 
general  custom  is  to  remove  loose  coal  and  dust  as  fast  as  possible. 
Sprinkling  systems  are  installed  in  a  great  many  mines,  and  various 
methods  of  humidifying  the  mine  air  are  practiced.  In  mines  that 
generate  explosive  gas,  permissible  explosives  only  are  used.  Except 
where  permission  has  been  granted  by  the  district  mine  inspector, 
shooting  off  the  solid  is  expressly  forbidden.  Permission  is  not 
granted  where  conditions  favor,  even  remotely,  the  initiation  of  an 
explosion  by  solid  shooting.  Shot  firers  are  employed  in  gaseous 
mines.  The  use  of  coal  dust  or  other  inflammable  material  for  stem- 
ming is  forbidden  by  law. 

In  1897  there  were  only  16  machines  in  use,  whereas  to-day  more 
than  55  per  cent  of  the  total  output  of  coal  is  won  by  mining  machines. 

First-aid  and  mine  rescue  training  was  conducted  in  the  State  by 
the  Bureau  of  Mines  during  seven  months  in  the  fiscal  year  ended 
June  30,  1916.  The  first-aid  work  in  particular  was  received  with 
enthusiasm  both  by  the  miner  and  the  operator. 
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ANTHBACITE  DZSTBICT  07  PENNSTLVAKIA. 

Mining  methods  in  the  anthracite  district  are  governed  by  the  dip 
of  the  beds,  their  depth  and  thickness,  and  the  character  of  the  roof 
and  floor.  Where  the  coal  is  comparatively  flat,  ordinary  room-and- 
pillar  mining  is  employed,  and  the  double-entry  system  is  generally 
nsed.  Considerable  attention  has  been  given  to  colmnnizing  pillars, 
^th  reference  to  those  of  workings  in  overlying  or  underlying  beds, 
with  marked  success.  In  heavily  pitching  seams,  where  the  coal 
is  not  too  thick,  the  so-called  battery  method  is  employed.  In  prac- 
tically all  the  field  the  hazards  of  mining  are  increased  by  the  pres- 
ence of  fire  damp.  Because  of  gas,  the  gr^at  extent  of  the  mines,  and 
the  many  rolls,  folds,  and  faults,  careful  attention  is  given  to  ventila- 
tion. Fans  are  used  almost  exclusively.  Most  of  the  fans  are  of  the 
Capell  type,  large  diameter,  and  relatively  low  speed,  but  in  the  past 
15  years  many  small-diameter  high-speed  fans  have  been  installed. 

There  are  three  general  types  of  haulage  employed — ^mule,  rope, 
and  motor.  Mules  are  used  largely  for  gathering  the  loaded  cars 
from  the  chambers.  On  account  of  the  large  number  of  slopes  and 
planes  rope  haulage  is  much  employed.  During  the  past  few  years, 
however,  the  electric  motor  has  come  into  wide  use,  both  for  gather- 
ing and  for  main  haulage  work. 

In  most  mines  it  is  not  practicable  to  undercut  the  coal  before 
blasting,  so  that  shooting  off  the  solid  is  the  general  practice.  How- 
ever, machine  mining  has  been  introduced  in  horizontal  beds  at  some 
mines  within  the  past  few  years. 

As  regards  safety  and  health,  the  chief  improvement  in  mining 
practice  in  recent  years  has  been  the  introduction  of  better  lights. 
Carbide  lamps  have  largely  superseded  oil- fed  torches  in  open-light 
mines,  and  many  mines  have  adopted  approved  flame  safety  lamps. 
Large  numbers  of  electric  cap  lamps  are  in  use  and  have  proved  so 
satisfactory  that  more  will  undoubtedly  be  used. 

Practically  every  mine  in  this  field  has  a  first-aid  team.  Both 
miners  and  operators  show  great  interest  in  first  aid,  and  it  is  prob- 
able that  hundreds  of  men  each  year  owe  their  lives  to  the  efficient 
first-aid  service.  Several  of  the  larger  companies  maintain  fully 
equipped  cars  for  rescue  work,  fire  fighting,  and  hospital  purposes, 
and  there  are  many  privately  owned  rescue  stations  in  charge  of 
specially  trained  men. 

Living  conditions  have  probably  always  been  better  in  the  anthra- 
cite field  than  in  most  coal-mining  districts,  but  have  greatly  im- 
proved in  recent  years.  Progress  in  bettering  conditions  that  bear 
on  health,  safety,  and  efficiency  continues,  and  the  outlook  for  farther 
improvement  is  particularly  bright. 
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FUELS    AND    MECHANIC AL  -  EQUIPMENT    INVESTIGA- 

TIONS. 

IHFOBTAirCE  OF  HSrVESTIOATIOH  OF  FUELS. 

Last  year  the  people  of  Che  United  States  burned  some  500,000,000 
tons  of  coal.  If  this  coal  had  been  used  with  the  highest  efficiency, 
it  is  probable  that  some  125,000,000  tons,  or  25  per  cent,  would  have 
been  saved.  Such  figures  convey  an  idea  of  the  possible  saving  to  the 
people  of  this  country  through  the  proper  preparation  and  handling 
of  coal  and  through  the  development  and  utilization  of  efficient  coai- 
buming  equipment.  With  a  view  to  realizing  greater  efficiency  in 
the  preparation,  treatment,  and  use  of  the  fuels  burned  in  this  coun- 
try. Congress  has  appropriated  funds  for  investigations  to  be  made 
by  the  Bureau  of  Mines  and  for  the  publication  of  the  results  of  these 
investigations. 

CHABACTEE  OF  UnTESTIOATIOirS. 

Such  work  naturally  divides  itself  into  two  general  investigations, 
one  having  as  its  object  the  raising  of  average  efficiency  in  the  general 
use  of  fuels  and  the  other  relating  directly  to  Government  plants.  As 
the  results  of  the  general  investigations  may  be  applied  to  the  power 
plants  of  the  Government,  tests  of  a  fundamental  character  are  made 
with  the  object  of  clearing  up  misapprehensions  as  to  the  nature  and 
properties  of  the  many  available  fuels  and  as  to  the  principles  of 
combustion  and  heat  generation  and  the  transmission  of  heat  to  any 
desired  place. 

During  the  past  10  years  there  has  been  a  much  closer  scrutiny  of 
the  combustion  process  in  all  kinds  of  fuel-burning  equipment  For 
a  long  time  engineers  concentrated  attention  upon  the  improvement 
of  prime  movers — ^the  steam  engine,  the  gas  engine,  and  other  inter- 
nal-combustion engines — ^the  burning  of  coal  under  boilers  and  in 
gas  producers  being  somewhat  neglected.  Technical  training  in  our 
colleges  placed  relatively  small  emphasis  on  the  principles  and  the 
process  of  combustion,  as  compared  with  a  study  of  the  details  of 
prime  movers.  The  more  evident  facts  of  combustion  seemed  so 
simple  as  to  offer  little  inducement  for  an  intensive  study  of  the 
process,  but,  as  a  matter  of  fact,  the  burning  of  a  fuel  is  by  no  means 
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a  simple  process,  and  the  misconceptions  that  have  resulted  from  a 
too  casual  study  of  the  phenomena  have  led  engineers  to  construct 
uneconomical  and  ineffective  devices.  The  clearing  away  of  these 
misconceptions  can  come  only  by  knowledge  of  the  actual  facts,  and 
for  that  reason  the  Bureau  of  Mines  has  been  making  a  careful  study 
of  the  combustion  process. 

The  nature  of  coal  has  also  been  misunderstood  by  many  users. 
Coal  is  an  extremely  complex  substance,  behaving  quite  differently 
under  different  conditions  of  combustion,  and  as  the  United  States  is 
extremely  rich  in  a  great  variety  of  mineral  fuels,  it  would  seem 
necessary  that  furnace  practice  and  design  should  vary  wjth  the 
characteristics  of  the  fuels  used.  As  a  matter  of  fact,  the  variety 
of  coal-burning  equipment  now  existing  is  the  result  of  ill-advised 
experimentation  rather  than  rational  design,  and  the  engineer  has 
been  unable  to  find  quantitative  figures  that  would  enable  him  to 
design  a  furnace  for  a  given  fuel  with  the  same  assurance  of  success 
that  he  has  in  the  design  of  a  bridge  or  other  structure.  Studies  of 
this  intimate  kind  are  usually  beyond  the  possibility  of  private  inves- 
tigation, but  are  believed  to  be  most  essential  to  the  efficient  use  of 
the  fuel  resources  of  the  country. 

The  attempt  to  decrease  the  cost  of  power  has  led  to  the  develop- 
ment of  internal-combustion  engines  using  either  gas  or  liquid  fuel, 
and  these  engines  have  a  much  higher  efficiency  than  the  usual  steam 
engine.  However,  they  also  use  a  much  more  expensive  fuel,  so  that 
their  use  is  confined  to  certain  relatively  narrow  fields.  One  charac- 
teristic of  these  engines  is  that  their  high  efficiency  varies  through 
a  relatively  narrow  range  whether  they  are  large  units  or  small  units, 
whereas  the  economy  of  the  steam  engine  varies  through  a  wide  range, 
and  the  most  efficient  types  have  efficiencies  comparable  with  those  of 
many  internal-combustion  engines. 

The  possibilities  of  the  more  efficient  use  of  steam  machinery  are 
therefore  very  large.  Large  turbo-generating  units  and  efficient 
boilers  are  now  available  that  return  as  useful  electric  current  ready 
for  distribution  nearly  20  per  cent  of  the  potential  energy  in  the  coal. 
Although  the  average  efficiency  of  all  kinds  of  steam-power  plants  in 
the  United  States  can  be  only  a  matter  of  guess,  it  is  quite  probable 
that  the  average  is  somewhere  in  the  neighborhood  of  5  or  6  per  cent 
of  the  energy  of  the  coal  transformed  into  useful  energy  ready  for 
distribution;  so  that  if  it  were  possible  to  elevate  the  average  effi- 
ciency to  something  near  the  maximum  now  attainable  in  steam 
plants,  about  three  times  as  much  energy  would  be  available  for  the 
productive  industries  of  the  country  as  is  now  obtainable  from  the 
coal  burned.  Anything  that  can  be  done,  therefore,  to  raise  the  gen- 
eral average  of  efficiency  by  the  production  of  more  efficient  furnaces, 
heat-absorbing  devices,  and  steam  engines  will  be  in  the  line  of  con- 
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structive  conservation  of  our  natural  resources.  The  work  of  the 
Bureau  of  Mines  in  its  fuel  investigations  and  in  its  study  of  heat 
transmission  is  directed  toward  increasing  this  efficiency. 

VABIETY  OF  FUELS  AVAILABLE. 

The  adherence  to  the  use  of  certain  fuels  is  many  times  largely  a 
matter  of  habit,  and  as  the  favorite  fuel  becomes  more  and  more  ex- 
pensive a  change  to  other  forms  of  fuel  is  made  with  considerable 
difficulty.  Looked  at  in  a  broad  way  it  is  not  economical  to  transport 
high-grade  coal  through  long  distances  into  districts  where  fuels  of 
lesser  value  are  to  be  had  in  abundance,  when,  as  a  matter  of  fact, 
the  cheaper  fuels  could  be  satisfactorily  used  if  the  user  would  show 
a  little  patience  and  ingenuity.  The  suitability  of  fuels  for  use  in 
any  locality  is  therefore  a  matter  of  public  education  in  which  the 
Bureau  of  Mines  takes  a  deep  interest.  As  an  illustration,  the  substi- 
tution of  coke  for  anthracite  coal  in  many  localities  is  desirable  on 
the  score  of  economy,  and  the  bureau  desires  to  stimulate  the  use  of 
coke  as  a  domestic  fuel  because  of  its  cleanliness.  The  bureau  is  also 
endeavoring  to  stimulate  the  use  of  coal  gas,  another  form  of  smoke- 
less fuel,  instead  of  water  gas,  because  during  the  past  year  some 
20,000,000  barrels  of  petroleum  was  required  to  enrich  the  water  gas 
used.  The  price  of  petroleum  has  so  increased  and  the  demands  on 
our  petroleum  resources  are  so  great  as  to  make  the  use  of  this  product 
undesirable  for  services  that  can  be  performed  by  other  fuels. 

New  methods  of  using  fuel  are  also  being  proposed,  and  the  bureau 
desires  to  be  informed  as  to  the  technical  success  of  these  methods  in 
order  to  give  correct  information  and  thus  conserve  not  only  capital 
but  also  the  fuels  by  quickly  finding  the  special  field  particularly 
adapted  to  each  new  method.  This  function  was  well  illustrated  in 
the  introduction  of  the  gas  producer,  which  not  many  years  ago  was 
a  new  device  in  the  United  States  and  concerning  which  the  Biureau 
of  Mines  gave  information  in  the  early  stages  of  development.  This 
device  has  already  found  its  field  of  usefulness,  and  newer  methods 
of  using  coal  are  now  being  presented.  Just  at  present  there  is  great 
interest  in  powdered  fuel,  which  will  doubtless  find  its  special  field 
of  usefulness. 

GOVEBNHENT  FTTEL  FB0BLEH8. 

Another  field  of  work  for  the  bureau  is  in  the  application  of  good 
engineering  to  the  fuel  problems  of  the  Government  itself.  The 
Government  fuel  bill  is  somewhere  in  the  neighborhood  of  $8,000,000 
per  year.  Some  of  this  fuel  is  burned  under  efficient  conditions  that 
make  the  practice  well  above  the  average  of  the  country,  but  many 
of  the  Government  plants  are  antiquated  and  have  suffered  from 
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lack  x)t  a  consistent  engineering  policy.  For  these  plants  the  Bureau 
of  ji-lines  acts  in  the  capacity  of  a  consulting  engineer  in  fuel  prob- 
lems having  to  do  with  the  purchase  of  the  most  suitable  fuel  that 
the  particular  market  affords  and  in  recommending  practices  and 
equipment  for  the  more  efficient  use  of  such  fuel.  It  has  been  found 
advantageous  to  have  engineering  advice  on  these  special  problems 
from  a  source  not  too  intimately  connected  with  the  local  administra- 
tion of  a  particular  plant,  and  as  the  bureau  is  making  a  special 
study  of  such  fuel  problems  it  has  been  able  to  render  service  to 
Government  plants  scattered  all  over  the  country. 

IMPOBTANCE  OF  INVESTIOATIONS  OF  HDnHO  EQTTIPHEin. 

The  safe  and  economical  conduct  of  mining  operations  depends 
very  largely  upon  suitable  mechanical  equipment.  New  devices  are 
continually  being  proposed,  some  having  elements  of  danger  not  at  all 
apparent.  When  a  good  device  has  been  tried  and  dropped  because 
of  some  unforeseen  limitation  as  to  safety  the  art  suffers  a  consider- 
able loss,  and  in  the  beginning  of  the  development  of  new  appliances 
it  is  highly  desirable  that  there  be  careful  investigation  and  that  the 
development  be  directed  toward  safety. 

This  need  applies  peculiarly  to  electrical  devices,  and  for  that  rea- 
son the  Bureau  of  Mines  is  especially  directed  to  investigate  the  use 
of  electricity  in  mines.  The  great  flexibility  and  ease  of  transmis- 
sion of  electric  power,  and  the  relatively  cheap  cost  of  electrical 
equipment  has  led  to  the  wide  use  of  electrical  devices  for  coal  cut- 
ting, transportation,  and  hoisting.  However,  some  of  the  equipment 
is  so  designed  as  to  increase  the  dangers  of  mining.  A  large  part  of 
this  danger  can  be  eliminated  by  suitable  design  and  proper  over- 
sight and  operation.  Electrical  devices  are  therefore  carefully  in- 
vestigated by  the  Bureau  of  Mines,  with  the  object  of  aiding  develop- 
ment along  safe  lines.  For  this  purpose  the  bureau  issues  an  ap- 
proval of  any  device  that  meets  the  specifications  prepared  by  the 
bureau.  This  approval  system  applies  particularly  to  miners'  elec- 
tric lamps,  to  explosion-proof  motors,  switches^  and  coal-cutting  ma- 
chines. In  addition,  motors  for  general  service  and  storage-battery 
electric  locomotives  are  under  investigation  by  the  bureau. 

Old  and  well-known  equipment  is  frequently  the  source  of  poten- 
tial danger.  Through  its  long  use  many  of  the  dangers  have  become 
thoroughly  known,  but  there  are  some  not  so  evident  that  will  yield 
their  secrets  only  to  long  and  careful  special  investigation,  and  for 
that  purpose  the  bureau  is  providing,  at  its  Pittsburgh  plant,  labora- 
tories for  the  investigation  of  mining  equipment.  These  laboratories 
are  in  course  of  construction  and  will  be  occupied  during  the  coming 
year. 
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BOUER-FUBNACE  IHYESTIOATIOnS. 

CONSiriCPTION  OF  COAL  IN  XTNITED  STATES. 

As  has  been  mentioned  above,  the  various  branches  of  industry  in 
the  United  States  consume  annually  over  500,000,000  tons  of  coaL  If 
the  average  price  of  coal  at  the  place  of  consumption  be  assumed  to  be 
not  less  than  $2  per  ton,  the  total  value  of  the  coal  consumed  annually 
in  the  United  States  is  considerably  over  $1,000,000,000.  The  Fed- 
eral Government  alone  annually  uses  coal  to  the  value  of  about 
$10,000,000.  This  huge  quantity  of  coal  is  used  for  various  purposes. 
However,  the  largest  part  of  it,  amounting  to  considerably  over  one- 
half,  is  used  for  power  production  in  large  central  stations,  small 
isolated  power  plants,  locomotives,  steamboats,  and  many  manufac- 
turing plants.  Smaller  quantities,  that  amount  to  millions  of  tons  in 
all,  are  used  for  metallurgical  and  chemical  purposes,  and  for  the 
production  of  coke. 

In  all  these  uses  of  coal  the  efficiency  of  the  processes  that  are 
employed  is  low,  and  seemingly  there  are  good  chances  for  improve- 
ment. Thus,  for  example,  in  the  most  efficient  large  power  plant 
of  to-day  scarcely  20  per  cent  of  the  heat  in  the  coal  consumed  is  con- 
verted into  mechanical  power,  and  in  the  small  power  stations 
the  efficiency  frequently  drops  below  10  per  cent.  In  the  process  of 
producing  coke  in  the  beehive  coke  ovens,  most  of  the  volatile  matter, 
representing  about  30  per  cent  of  the  total  heat  in  coal,  is  discharged 
into  the  atmosphere.  Thus  the  coking  process  not  only  wastes  the 
volatile  matter  but  contaminates  the  atmosphere  for  miles  with  poi- 
sonous fumes.  Surely  when  such  a  large  sum  of  money  is  expended 
annually  in  clearly  wasteful  processes,  investigation  by  the  Federal 
Government  into  the  possibilities  of  reducing  the  wastes  by  improv- 
ing the  processes  is  not  only  desirable  but  seems  imperative.  The 
expenditure  for  the  coal  is  so  large  that  the  saving  of  even  a  small 
percentage  means  the  saving  of  large  sums  of  money.  If  any  investi- 
gation should  result  in  a  saving  of  only  0.1  per  cent,  such  saving 
would  still  amount  to  $1,000,000  annually,  a  sum  that  would  cover 
the  expense  of  an  extensive  investigation.  Usually  a  much  larger 
saving  than  0.1  per  cent  can  be  brought  about  by  merely  calling  the 
consumers'  attention  to  the  large  wastes  attending  the  different 
processes. 

By  properly  conducted  tests  and  research  work,  more  efficient  proc- 
esses can  be  substituted,  and  a  saving  measured  not  in  fractions  but 
in  whole  numbers  can  be  accomplished. 

TWO    GKOTTPS    OF    BOILEB-FTJBNACE    INTnBSTIOATIONB. 

The  boiler- furnace  investigations  of  the  Bureau  of  Mines  comprise 
both  field  and  laboratory  investigations. 
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The  field  investigations  are  made  at  the  different  plants  belonging 
to  the  Government  and  at  plants  belonging  to  private  companies 
cooperating  with  the  bureau.  These  investigations  are  made  under 
actual  operating  conditions.  Their  object  is  mainly  to  determine  the 
efficiency  of  the  processes  used  in  the  plants  and  the  possible  methods 
of  reducing  the  wastes. 

The  laboratory  investigations  consist  of  such  research  work  as  can 
not  be  done  with  commercial  apparatus  under  actual  operating  con- 
ditions and  for  which  special  apparatus  must  be  designed.  Labora- 
tory investigations  with  special  apparatus  are  necessary  because  of 
the  nature  of  the  many  processes.  The  result  of  such  processes  are 
affected  by  several  factors  which  vary  independently  in  the  actual 
operation  of  commercial  apparatus,  so  that  it  is  impossible  to  deter- 
mine the  effect  of  any  one  factor.  It  then  becomes  necessary  to 
design  a  special  apparatus  in  which  all  the  factors  except  the  one 
under  observation  can  be  kept  constant.  Thus,  for  an  example,  an 
investigation  of  the  effect  of  the  diameter  of  the  tubes  in  a  locomo- 
tive boiler  on  the  efficiency  of  the  boiler  may  be  cited.  If  such  an 
investigation  were  made  with  an  ordinary  hand-fired  locomotive,  by 
using  successively  sets  of  tubes  of  different  diameters  and  running 
tests  with  each  set  of  tubes,  the  results  of  the  test  would  show  not 
only  the  effect  of  the  diameter  of  the  tubes,  but  also  the  effect  of  the 
construction  and  the  performance  of  the  furnace,  the  effect  of  varia- 
tion in  coal,  the  effect  of  the  skill  of  the  fireman,  and  the  effect  of 
many  other  minor  factors. 

Under  such  testing  conditions  the  effects  of  the  various  factors 
would  be  so  intermingled  that  it  would  be  decidedly  difficult  to  tell 
with  any  accuracy  the  effect  of  tlie  size  of  the  boiler  tubes  on  the 
efficiency  of  the  locomotive;  moreover,  such  tests  would  be  expensive. 
To  get  accurate  and  reliable  data  the  disturbing  effects  of  all  the 
factors  except  the  size  of  the  tubes  must  be  eliminated.  To  eliminate 
the  effect  of  the  condition  of  the  road,  of  the  engine,  and  of  the 
engineer  the  tests  can  be  made  only  when  the  locomotive  is  standing 
in  the  railroad  yards.  To  eliminate  the  effect  of  nonuniform  coal 
fuel  the  boiler  can  be  fired  with  natural  gas  of  uniform  quality ;  to 
eliminate  the  fireman  and  the  variation  in  furnace  conditions  the 
gas  and  the  air  can  be  fed  into  the  furnace  at  a  uniform  rate,  the 
temperature  of  the  products  of  combustion  and  their  velocity  through 
the  boiler  tube  being  thus  kept  constant,  so  that  only  the  effect  of  the 
varintion  of  the  size  of  the  tube  remains. 

Similar  methods  of  elimination  of  undesirable  variables  are  applied 
to  other  problems  in  laboratory  investigations.  Many  people  object 
to  laboratory  investigations  on  the  ground  that  they  are  made  with 
small  apparatus,  but  such  investigations  need  not  be  limited  to  small- 
size  apparatus.    A  large  apparatus  can  be  used  as  well.    The  matter 
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of  size  usually  depends  on  the  funds  available  for  such  investigations. 
If  the  funds  are  sufficient  an  apparatus  as  large  as  commercial  equip- 
ment can  generally  be  used.  The  main  requisite  for  the  successful 
investigation  of  any  laboratory  apparatus  is  that  all  conditions  can 
be  easily  controlled  so  that  any  number  of  the  factors  can  be  kept 
constant  and  any  single  factor  can  be  varied  tibrough  a  desirable 
range. 

IiABO&ATOBY  INVESTIGATIONS  OF  BOILER  FUBNACES. 

In  studying  the  utilization  of  fuels  there  are  mainly  two  processes 
to  be  considered,  namely,  the  production  of  heat  by  the  combustion  of 
the  fuel  and  the  application  to  industrial  processes  of  the  heat  pro- 
duced. Thus  a  large  part  of  the  problem  of  efficient  fuel  utiliza- 
tion resolves  itself  naturally  into  the  investigation  of  the  combus- 
tion of  fuels  and  the  investigation  of  the  transfer  of  heat  from  the 
products  of  combustion  to  where  the  heat  is  needed.  For  these  rea- 
sons the  work  of  the  bureau's  laboratory  tests  of  fuel  has  been  along 
two  main  lines — studies  of  combustion  and  studies  of  heat  trans- 
mission. 

OBJECT  OF  COMBUSTION  INVESTIGATIONS. 

The  general  object  of  the  combustion  investigations  is  to  obtain 
definite  information  on  the  combustion  process  and  thus  enable  fur- 
nace designers  to  determine  the  proportions  of  a  furnace  to  bum 
economically  any  given  fuel  under  any  given  conditions.  The  infor- 
mation heretofore  available  on  the  combustion  process  is  not  definite 
enough  to  permit  rational  furnace  design,  or,  at  least,  is  not  as  definite 
as  the  information  available  to  the  designer  of  machinery.  Thus, 
for  instance,  the  tensile  strength  of  steel  may  be  known  to  be  60,000 
pounds  per  square  inch  of  cross  section,  and  when  a  machine  part  that 
will  be  subjected  to  a  given  tensile  stress  is  being  designed,  the  part 
can  easily  be  proportioned  to  withstand  the  working  stress  with  any 
desirable  factor  of  safety.  When,  however,  a  furnace  to  bum  a 
given  coal  at  a  given  rate  to  any  desirable  degree  of  completeness  is 
to  be  designed,  only  meager  information  is  available.  Such  data  as  are 
at  hand  are  rather  qualitative  than  quantitative;  that  is,  the  data  are 
mostly  given  in  such  terms  as  "  large  "  or  "  small "  or  "  short "  and 
not  in  so  many  feet  or  so  many  pounds.  As  a  result  of  this  lack  of 
definiteness  one  designer  will  design  a  furnace  with  3  cubic  feet  of 
combustion  space  to  each  square  foot  of  grate  area,  whereas  another 
designer  makes  the  same  ratio  8  to  1,  both  furnaces  being  intended 
to  bum  the  same  coal  at  the  same  rate.  We  know  that  a  furnace  to 
burn  Illinois  coal  must  have  a  larger  combusticm  space  than  a  fur- 
nace of  similar  design  to  bum  Pocahontas  coal,  but  we  do  not  know 
>yhat  the  exact  figures  expressing  the  difference  should  be. 
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We  also  know  that  to  bum  1  pound  of  coal  we  must  supply  14  to  20 
pounds  of  air,  some  of  this  air  being  supplied  through  the  grate  and 
the  rest  over  the  fuel  bed,  but  we  do  not  know  what  proportion  must 
come  through  the  grate  and  how  much  of  it  should  be  introduced 
over  the  fuel  bed.  As  a  result  of  this  absence  of  accurate  data  many 
furnaces  are  in  use  that  have  only  inadequate  provision  for  the  in- 
troduction of  air  over  the  fuel  bed,  and  some  that  have  no  such  pro- 
vision, the  air  supply  depending  on  the  accidental  admission  of  air 
through  the  holes  in  the  fire  or  on  leakage  around  the  firing  door 
and  through  cracks  in  the  wall.  These  examples  illustrate  the  lack 
of  definiteness  of  the  information  now  available  for  a  furnace  de- 
signer, and  show  the  desirability  of  combustion  investigations. 

The  bureau's  fuel-eflSciency  laboratory  is  studying  the  process  of 
combustion  in  the  fuel  bed  and  also  in  the  combustion  space  of  coal- 
buming  furnaces,  and  is  determining  some  of  the  quantitative  data 
mentioned  above. 

COMBUSTION    IN    FURNACE    FUEL   BED. 

Combustion  in  the  fuel  bed  is  studied  by  means  of  a  small  vertical 
furnace  having  1  square  foot  of  grate  area.  The  air  admitted 
through  the  grate  is  supplied  under  pressure  and  is  measured  with 
an  orifice.  Provisions  are  made  for  taking  gas  samples  and  measur- 
ing temperatures  in  the  fuel  bed  at  intervals  of  1^  inches  from  the 
grate.  Thus,  the  composition  of  the  gases  and  the  temperature  at 
the  various  heights  show  the  process  of  combustion  in  the  fuel  bed. 
The  small  furnace  was  selected  for  this  study  in  order  to  make  pos- 
sible accurate  gas  sampling  and  temperature  measuring  in  the  fuel 
bed.  The  grate  area  was  nearly  as  large  as  in  a  small  house-heating 
boiler.  Supplementary  work  with  largo  furnaces  confirmed  the  re- 
sults obtained  with  the  small  furnace. 

EFFECT  OF  CLINKERING. 

The  same  laboratory  furnace  is  used  for  investigating  the  relation 
between  the  fusibility  of  coal  ash  and  the  clinkering  of  coal  in  fur- 
naces. Some  fuel  men  have  argued  that  the  value  of  a  coal  as  fuel 
depends  directly  on  the  fusibility  of  its  ash,  the  lower  the  soft- 
ening point  of  its  ash,  the  less  its  value  as  a  fuel  for  steaming  pur- 
poses. Also,  some  fuel  experts  have  insisted  that  the  melting  point 
of  the  ash  should  be  embodied  in  the  specifications  for  buying  coal, 
saying  that  it  is  as  important  as  the  heating-imit  determination, 
and  a  few  men  went  so  far  as  to  advise  disregarding  the  heating-unit 
determination  and  advocated  the  buying  of  coal  entirely  on  the 
basis  of  the  softening  point  of  the  ash.  The  fact  of  the  matter  is, 
however,  that  it  is  by  no  means  settled  that  as  the  softening  point  of 


74  YEARBOOK  OF  THE  BUREAU  OP  MINES — ^1916. 

ash  drops,  clinker  troubles  increase.  When  making  tests  at  Gov- 
ernment plants  one  of  the  bureau^s  engineers  noticed  on  several 
occasions  that  coal  giving  trouble  from  clinker  had  ash  of  a  higher 
softening  point  than  another  coal  that  did  not  give  any  trouble 
from  clinker.  Consequently  the  cause  of  clinker  trouble  appears  to  be 
more  complex  than  ^ould  at  first  appear,  and  it  would  seem  that 
the  time  has  not  yet  arrived  for  placing  the  softening  point  of  ash 
into  coal  specifications^  because  a  great  harm  could  be  done  unjustly 
to  many  coal-mine  operators. 

It  is  for  these  reasons  that  the  bureau  is  studying  the  relation 
between  the  softening  points  of  coal  ash  and  the  clinker  trouble. 
The  small  furnace  has  been  selected  because  the  same  furnace  condi- 
tions can  be  easily  reproduced  for  all  the  coals  that  may  be  subjected 
to  the  study. 

COMBUSTION-SPACE   INVESTIGATIONS. 

The  process  of  combustion  in  the  combustion  space  of  a  furnace  is 
studied  with  a  furnace  having  30  square  feet  of  grate  area  and  a 
combustion  space  3  feet  by  3  feet  in  cross  section  and  about  40  feet 
long.  Samples  of  gases  are  collected  at  intervals  of  1  to  5  feet 
along  the  path  of  gases  through  the  combustion  space.  Temperatures 
are  also  measured  at  the  same  cross  sections.  The  composition  of  the 
gases  and  the  temperature  indicate  the  progress  of  combustion  in  the 
space.  A  detailed  description  of  the  combustion  investigations  and 
the  results  are  given  in  Bureau  of  Mines  Technical  Papers  63«  and 
187^ 

PROCESS   OF   COMBUSTION. 

The  process  of  combustion,  beginning  at  the  surface  of  the  grate 
and  progressing  through  the  combustion  space,  is  shown  in  figure  4. 
The  curves  represent  the  variation  of  the  percentage  of  the  diflFerent 
gases  and  indicate  the  process  of  combustion.  Thus  the  atmosphere 
at  the  surface  of  the  grate  contains  21  per  cent  oxygen — that  is,  the 
full  proportion  in  the  air.  As  the  air  passes  through  the  lower 
layers  of  the  fuel  bed  the  oxygen  is  rapidly  used  in  the  combustion 
of  the  coke  and  entirely  disappears  3  to  4  inches  from  the  grate. 
The  carbon  dioxide  content  is  zero  at  the  top  of  the  grate  but  quickly 
rises  and  reaches  a  maximum  of  about  12  per  cent  3  to  4  inches  above 
the  grate — ^that  is,  at  the  same  point  where  the  oxygen  disappears. 
Beyond  this  point  the  carbon  dioxide  decreases.  The  combustible 
gas,  consisting  mostly  of  carbon  monoxide,  starts  with  zero  at  the 

•  Clement,  J,  K.,  Frazer,  J.  W.  C,  and  Augustine,  C.  B.,  Factors  governing  the  com* 
buBtlon  of  coal  In  boiler  furnaces:  Tech.  Paper  63,  Bureau  of  Mines.  1914,  46  pp., 
26  figs. 

^Kreislnger,  Henry,  Ovitz.  F.  K.,  and  Augustine,  C.  B.,  Combustion  in  the  fuel  bed 
of  hand-fired  furnaces:  Tech.  Paper  137,  Bureau  of  Mines.     In  press. 
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grate  and  rises  slowly  at  first,  but  at  the  point  where  the  oxygen  dis- 
appears it  rises  rapidly.  After  the  oxygen  disappears  the  carbon 
dioxide  acts  as  an  oxidizing  agent  in  the  combustion  of  the  coke  and 
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is  itself  reduced  to  carbon  monoxide.  To  this  carbon  monoxide  thus 
formed  is  added  in  the  layer  at  the  top  of  the  fuel  bed  the  volatile 
combustible  distilled  from  the  freshly  fired  coal,  bringing  the  total 
combustible  gas  rising  from  the  fuel  bed  to  82  per  cent 
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Thnfi  in  the  hand-fired  furnace,  or  in  any  furnace  into  which  ooal 
is  fed  from  the  top,  there  are  three  zcmes  of  different  reacticHis.  In 
the  lowest  2^  or  8  inches  the  coal  is  oxidized  to  carbon  dioxide,  and 
this  layer  is  therefore  called  the  oxidizing  zone.  In  the  layers  above 
the  oxidizing  zone  the  carbon  dioxide  is  reduced  by  contact  with  hot 
coke  to  carbon  monoxide ;  therefore,  the  layer  is  called  the  reducing 
zone.  In  the  layer  at  the  surface  of  the  fuel  bed  the  volatile  matter 
is  distilled  from  the  fresh  coal,  and  therefore  this  layer  is  called  the 
distillation  zone.  These  different  zones  are  not  sharply  separated, 
but  merge  into  one  another,  particularly  the  reducing  zone,  which 
probably  extends  through  the  distillation  zone.  These  different  zones 
of  the  fuel  bed  are  shown  at  the  top  of  figure  4. 

Thus  far  the  combustion  in  the  fuel  bed  had  been  considered.  The 
gases  rising  from  the  fuel  bed  contain  20  to  82  per  cent  combustible 
matter,  5  to  8  per  cent  carbon  dioxide,  and  practically  no  free  oxygen. 
Besides  the  combustible  gases  there  are  soot  and  some  tars,  the  latter 
decomposing  quickly  into  soot  and  gases.  Air  must  be  added  to  all 
of  these  combustible  materials  rising  from  the  fuel  bed,  and  the  com- 
bustible materials  must  be  mixed  with  the  air  and  burned  in  the 
combustion  space  beyond  the  fuel  bed.  Thus  in  the  ccsnbustion  space 
occur  two  processes,  namely,  mixing  and  burning.  The  changes 
taking  place  in  the  combustion  space  are  indicated  in  figure  4  by  the 
curves  extending  beyond  the  fuel  bed.  The  figure  shows  that  the 
oxygen  above  the  fuel  bed  quickly  rises,  the  combustible  matter 
drops,  and  the  carbon  dioxide  increases  about  at  the  same  rate  as  the 
combustible  matter  drops.  The  combustible  matter  approaches  the 
zero  line  as  the  process  of  combustion  nears  its  completion.  It  should 
be  noted  that  the  process  of  combustion  in  the  combustion  space  is  not 
as  rapid  as  it  is  in  the  fuel  bed,  and  that  to  obtain  nearly  complete 
combustion  in  any  given  furnace  a  considerable  volume  of  combustion 
space  must  be  available.  As  the  combustion  space  determines  the 
completeness  of  the  combustion  of  coal,  and  therefore  to  a  large 
extent  also  the  economy  in  the  utilization  of  coal,  the  correct  relation 
of  the  size  of  combustion  space  to  the  completeness  of  combustion  for 
any  given  coal,  burning  under  any  given  set  of  conditions,  is  of  much 
importance  in  the  art  of  furnace  design. 

SUMMARY  OF  DEDUCTIONS. 

Following  is  a  summary  of  deductions  from  the-  investigations  so 
far  conducted  by  the  Bureau  of  Mines : 

The  fuel  bed  in  almost  any  coal-burning  furnace  acts  primarily  as 
a  gas  producer.  In  a  hand-fired  furnace  when  the  fuel  bed  is  level 
and  5  inches  or  more  thick,  the  gases  rising  from  the  bed  contain 
25  to  82  per  cent  of  combustible  gases,  about  5  to  8  per  cent  of  CO, 
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and  no  free  oxygen ;  in  other  words,  the  gases  constitute  a  fairly  good 
producer  gas. 

Only  about  6J  pounds  of  air  per  pound  of  coal  can  be  forced 
through  the  fuel  bed,  no  matter  how  fast  the  air  is  blown  through. 
When  the  quantity  of  air  thus  supplied  is  doubled  the  rate  of  com- 
bustion is  doubled,  when  the  quantity  of  air  is  quadrupled  the  com- 
bustion is  quadrupled  also,  and  so  on,  the  weight  of  air  per  pound 
of  coal  burned  remaining  nearly  constant  at  6|.  This  means  that  the 
rate  of  combustion  depends  on  the  rate  of  air  supply  through  the 
grate.  This  relation  is  true  for  all  fuels,  including  anthracite  and 
coke. 

When  the  fuel  bed  is  level  and  5  inches  thick  at  least  one-half  of 
the  air  required  for  the  complete  combustion  of  the  coal  must  be 
supplied  above  the  fuel  bed.  This  air  should  be  supplied  as  near  to 
the  fuel  bed  as  practicable,  and  should  be  introduced  in  many  small 
streams  at  high  velocity  in  order  to  facilitate  mixing.  The  com- 
bustible gases  rising  from  the  fuel  bed  represent  40  to  60  per  cent  of 
the  total  heat  in  coal,  so  that  it  can  be  said  that  on  the  average 
one-half  of  the  combustion  of  coal  takes  place  in  the  fuel  bed  and 
one-half  in  the  combustion  space. 

The  completeness  of  combustion  of  the  gases  depends  largely  on 
the  size  of  the  combustion  space.  Coals  having  different  composition 
require  different  sizes  of  combustion  space  for  the  same  completeness 
and  the  same  rate  of  combustion.  Boughly  speaking,  the  combustion 
space  should  be  proportioned  to  the  product  of  the  percentage  of 
the  volatile  matter  multiplied  by  the  quality  of  the  volatile  matter, 
the  ratio  of  the  volatile  carbon  to  the  available  hydrogen  being  taken 
as  an  indicator  of  the  quality  of  the  volatile  matter.  The  size  of  the 
combustion  space  is  also  approximately  proportional  to  the  percent- 
age of  oxygen  in  moisture-free  and  ash-free  coal. 

The  percentage  of  excess  of  air  giving  the  best  results  in  any 
steam-generating  apparatus  varies  with  the  size  of  the  combustion 
space  and  the  kind  of  coal.  Of  two  furnaces  burning  the  same  fuel 
but  having  different  sizes  of  combustion  space^  the  one  with  the  larger 
combustion  space  gives  the  best  results  with  lower  excess  of  air  than 
the  one  having  the  combustion  space  smaller.  Similarly  of  two  fur- 
naces exactly  alike  in  size,  but  burning  different  coals,  the  one  burn- 
ing the  coal  lower  in  volatile  matter  and  oxygen  gives  the  best 
results  with  lower  excess  of  air  than  the  furnace  burning  the  coal 
higher  in  volatile  matter  and  oxygen. 

The  volatile  matter  leaves  the  fuel  bed  as  complex  hydrocarbon 
compounds  which  at  atmospheric  pressure  and  temperature  are  in  a 
liquid  or  semiliquid  state.  In  the  absence  of  suflScient  oxygen  for 
their  complete  combustion,  the  tars  are  quickly  decomposed  by  the 
high  temperature  into  soot  and  light  gases  such  as  hydrogen  and  car- 
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bon  monoxide.  The  formation  of  carbon  monoxide  is  due  to  the  pres- 
ence of  carbon  dioxide  and  a  small  supply  of  oxygen.  At  a  distance 
of  1  or  2  feet  from  the  surface  of  the  fuel  bed  only  a  small  amount 
of  hydrocarbons  can  be  found  in  any  state,  gaseous,  liquid,  or  solid. 
The  solid  substance  present  in  the  flames  is  mostly  soot  with  cmly  a 
trace  of  tars.  All  hydrocarbons  are  unstable  at  high  furnace  tem- 
perature and  unless  a  sufficient  air  supply  is  quickly  mixed  with  them 
at  the  time  they  are  distilled  to  insure  their  complete  combustion, 
they  are  quickly  decomposed,  causing  the  deposition  of  soot.  It  is 
therefore  useless  to  search  for  hydrocarbons  several  feet  from  the 
fuel  bed.  Methane,  which  is  perhaps  the  most  stable  hydrocarbon, 
is  found  only  in  traces  1  foot  from  the  surface  of  the  fuel  bed.  The 
persistence  of  carbon  monoxide  in  furnace  gases  is  not  due  to  the  diffi- 
culty of  burning  it,  but  to  its  constant  formation  by  the  reaction  be- 
tween  soot  and  carbon  dioxide.  This  is  the  reason  why  carbon 
monoxide  is  found  in  the  furnace  gases  after  all  other  forms  of  com- 
bustible have  practically  disappeared. 

Soot,  which  is  the  principal  constituent  of  smoke,  is  formed  at  the 
surface  of  the  fuel  bed  by  the  heating  of  the  hydrocarbons  in  the 
absence  of  air.  It  is  not  formed  by  the  hydrocarbons  striking  the 
cooling  surfaces  of  the  boiler.  As  a  matter  of  fact,  under  ordinary 
conditions  of  operation  only  a  small  trace  of  the  hydrocarbons  ever 
reaches  the  surfaces  of  the  boiler.  Any  hydrocarbon  that  reaches  the 
surface  of  the  boiler  is  kept  from  decomposing  by  the  cooling  effect. 
The  cooling  surfaces  do  not  cause  the  formation  of  soot ;  they  merely 
collect  the  soot  and  prevent  its  combustion. 

Soot  or  smoke  is  formed  at  the  surface  of  the  fuel  bed  by  the 
absence  of  oxygen.  Therefore,  to  prevent  soot  sufficient  air  should 
be  mixed  with  the  volatile  matter  at  the  time  of  distillation.  Anv  air 
added  later  is  usually  added  too  late.  In  other  words,  to  obtain 
smokeless  combustion,  the  distillation  of  the  volatile  matter  roust 
take  place  in  a  strongly  oxidizing  atmosphere.  This  is  one  of  the  main 
reasons  of  the  success  of  most  mechanical  stokers  in  burning  smoky 
coals  without  smoke. 

HEAT-TRAKSMISSIGN  INVESTIGATIOirS. 

Inasmuch  as  the  largest  part  of  the  coal  consumed  in  the  United 
States  is  used  for  making  steam,  the  heat-transmission  investigations 
of  the  Bureau  of  Mines  fuel-efficiency  laboratory  are  planned  and  con- 
ducted with  especial  reference  to  steam  boilers.  The  object  of  the 
investigations  is  to  obtain  data  that  will  enable  engineers  to  design 
more  efficient  boilers.  Once  the  boiler  is  designed,  made,  and  set  up, 
little  can  be  done  by  the  operator  to  improve  its  efficiency  as  a  heat 
absorber.  The  operator  can  exercise  more  care  in  burning  the  coal 
with  the  most  economical  air  supply,  thereby  making  more  heat 
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available  for  the  boiler,  but  he  can  do  little  to  make  the  boiler  absorb 
a  larger  percentage  of  the  heat  available  for  absorption.  In  the  past 
the  design  of  steam  boilers  was  considered  in  regard  to  mechanical 
strength  and  not  the  efficiency  of  heat  absorption.  Thus,  fire-tube 
boilers  were  made  with  tubes  6, 4,  3,  and,  in  locomotives,  even  2  inches 
in  diameter,  seemingly  no  thought  being  given  to  the  effect  of  the  size 
of  the  tubes  on  the  efficiency  of  the  boilers.  The  idea  seems  to  have 
prevailed  that  the  amount  of  surface  was  the  main  factor  in  the 
efficiency  of  a  boiler  and  that  the  arrangement  of  the  heating  surface 
had  little  to  do  with  it,  that  is,  that  a  4-inch  tube  would  absorb  as 
much  heat  as  a  2-inch  tube  as  long  as  the  two  tubes  had  the  same 
amount  of  heating  surface,  and  as  long  as  the  same  weights  of  hot 
gases  at  the  same  initial  temperatures  were  forced  through  them. 
About  nine  years  ago  the  Government's  experts  showed  boiler  tubes 
having  a  small  diameter  were  more  efficient  than  boilers  with  tubes 
of  large  diameter,  but  the  exact  relation  between  commercial  sizes  of 
tubes  is  not  known.  This  exact  relation  between  the  size  of  tubes  and 
boiler  efficiency  is  one  of  many  other  factors  now  being  determined 
by  the  bureau's  fuel-efficiency  laboratory. 

The  effect  of  boiler  scale  on  the  boiler  efficiency  is  another  im- 
portant problem  confronting  the  steam-boiler  operator.  A  great  deal 
has  been  written  about  it,  but  no  really  authoritative  data  are  avail- 
able to  substantiate  certain  statements  that  are  frequently  made  in 
engineering  literature.  This  problem  is  another  part  of  the  heat- 
transmission  investigations. 

The  bureau's  heat-transmission  investigations  are  made  principally 
with  an  apparatus  especially  designed  for  that  purpose.  The  appa- 
ratus consists  mainly  of  a  horizontal  tubular  boiler  having  a  shell 
20  feet  long  and  30  inches  in  diameter.  Different  sets  of  tubes  rang- 
ing from  1  to  4  inches  in  diameter  are  being  used  in  this  boiler.  The 
length  of  the  boiler  and  of  the  tubes  is  being  varied  from  20  to  5  feet 
in  steps  of  5  feet. 

The  boiler  is  fed  with  the  products  of  combustion  from  burning 
natural  gas.  The  volume  of  the  gas  and  that  of  the  air  used  in  com- 
bustion are  accurately  measured  and  controlled.  The  temperatures 
of  the  products  of  combustion  entering  and  leaving  the  boiler  are 
also  measured.  The  control  of  the  temperature  is  such  that  it  can 
be  kept  constant  at  1,000°  or  1,200°  C.  within  less  than  10°  C.  The 
velocity  of  the  gases  through  the  boiler  can  be  kept  constant  within 
about  5  per  cent.  All  the  factors  during  a  test  can  be  so  controlled 
that  closely  accurate  data  can  be  obtained. 

Matters  already  investigated  or  to  be  studied  are  as  follows: 
Initial  temperature  of  products  of  combustion;  velocity  of  products 
of  combustion  through  boiler;  diameter  of  tubes;  length  of  tubes; 
thickness  of  wall  of  tubes ;  pressure  of  steam  in  boiler ;  retarders  in 
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tubes;  boiler  scale  on  the  water  side  of  tubes;  soot  on  the  gas  ade 
of  tubes. 

Besides  the  work  outlined  above,  many  special  obserratitHis  are 
made  in  connection  with  tests  with  this  apparatus  and  in  ccomection 
isx)  with   tests   of   commercial  boilers. 

These  observations  furnish  much 
jtoo  valuable  information.    Thus,  a  se- 

ries of  experiments  was  made  on 
1300  the  accuracy  of  the  measurement 

of  temperatures  of  gases  in  boiler 
tubes  and  boiler  settings.  The  t€in- 
perature  of  the  metal  of  the  dif- 
ferent parts  of  a  boiler  was  deter- 
mined while  the  boiler  was  in 
operation,  a  determination  that  re- 
quires the  development  of  new 
methods  of  doing  the  work. 

y  snuuABT  or  results. 

§  *•■  Following  is  a  summary  of  the 

3  results  so   far   obtained    from  the 

S  ""*  heat-transmission  investigations. 

I  The  path  of  the  heat  travel  from 

•"  the  hot  products  of  combustion  to 

the  boiler  water  consists  of  three 
«■  distinct  parts,  namely,   from  the 

hot  products  of  combustion  to  the 
w  dry  surface  of  the  heating  plate; 

from  the  dry  surface  through  the 
an  metal  of  the  plate  to  the  wet  sur- 

face  of  the  plate;   and   from   the 
301  wet  surface  to  the  body  of  the 

boiler  water.     Of  these  three  parts 
,g  of   the   path   the  first  part  is  by 

far  the  slowest,  and  is  the  one  re- 
sponsible for  the  slow  rate  of  heat 
transmission  in  steam  boilers.  This 
fact  is  shown  strikingly  by  figure  5, 
which  indicates  the  temperature 
drop  along  the  path  of  heat  travel 
i  where  the  hot  gases  enter  among 
the  tubes  wl^en  the  boiler  is  worked  at  about  30  per  cent  above 
its  rated  capacity.  The  temperatures  were  obtained  by  actual  meas- 
urements. The  figures  show  that  by  far  the  greatest  temperature 
drop  is  from  the  hot  gases  to  the  gas-side  surface  of  the  boiler  tube. 


FiocHB  5. — Tomperafure  drop  atotiK  the 
path  of  beat  travel  trom  tbe  hot 
guses  Into  the  boiler  watur.  In  tbe 
diagram  tbe  bcrlmntal 
bare  do  elgclBcance. 

in  a  Heine  boiler  at  the  plai 
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Inasmuch  as  the  resistance  to  the  heat  travel  is  proportional  to 
the  temperature  drop,  the  resistance  through  the  metal  of  the  tube 
into  the  boiler  water  is  insignficant.  Therefore,  anything  that  in- 
creases the  rate  of  h&at  transmission  from  the  hot  gases  to  the  dry 
surface  of  the  heating  plate  almost  directly  increases  the  rate  of  heat 
transmission  into  the  boiler  water.  It  appears  that  the  heating  plate 
of  a  boiler  can  transmit  any  amount  of  heat  that  can  ever  be  im- 
parted to  it  by  the  hot  gases. 

The  rate  of  heat  impartation  by  the  hot  gases  to  the  heating  plate 
of  the  boiler  is  closely  proportional  to  the  temperature  difference 
between  the  gases  and  the  dry  surface  of  the  heating  plate;  to  the 
velocity  of  the  gases  flowing  over  the  surface ;  and  to  the  density  of 
the  gases.  As  the  temperature  can  not  be  raised  beyond  a  certain 
limit,  and  as  raising  the  temperature  reduces  the  density  of  the 
gases,  the  velocity  is  the  most  important  factor  in  increasing  the  rate 
of  heat  impartation  from  the  hot  gases  to  the  heating  plate  of  the 
boiler.  Therefore,  with  any  given  temperature  the  capacity  of  the 
boiler  can  be  increased  at  will  by  increasing  the  velocity  of  the  gases. 

The  efficiency  of  a  boiler  as  a  heat  absorber  can  be  increased  by 
reducing  the  diameter  of  tubes  in  fire-tube  boilers  and  by  placing  the 
tubes  closer  together  in  water-tube  boilers.  By  so  doing  the  unit  gas 
passages  are  made  smaller  in  cross  section  so  that  the  average  distance 
of  the  particles  of  hot  gases  to  the  heating  plate  is  shorter,  and  there- 
fore heat  is  imparted  to  the  plate  at  a  faster  rate.  In  order  not  to 
reduce  the  total  cross  section  of  the  gas  passage  the  number  of  unit 
passages  can  be  increased.  Thus,  in  a  fire-tube  boiler  the  desirable 
results  can  be  obtained  by  using  a  larger  number  of  smaller  tubes. 

The  measured  temperatures  of  the  gases  inside  the  boiler  setting 
are  usually  too  low  on  account  of  heat  being  radiated  from  the 
measuring  instrument  to  the  surrounding  boiler  surfaces.  The  larger 
the  diameter  of  the  instrument,  the  larger  is  the  error.  The  best 
results  are  obtained  when  an  exposed  thermocouple  of  very  fine  wires 
is  used.  The  hot  junction  should  not  have  a  bead  but  should  be  of 
nearly  the  same  diameter  as  the  wire  itself.  The  measurements  ob- 
tained with  lai:ge  thermocouples  may  be  in  error  by  hundreds  of 
degrees. 

FUEL-EFFICIEHCY  UnTESTIGATIONS. 

The  selection  of  fuel  for  Government  plants  is  often  governed  more 
by  considerations  as  to  its  suitability  under  the  existing  conditions 
than  by  the  comparison  of  guaranteed  heating  value  or  ash  content. 
The  Bureau  of  Mines  conducts  many  tests  for  the  purpose  of  obtain- 
ing information  as  to  the  suitability  of  various  fuels  for  use  in  dif- 
ferent kinds  of  equipment.  On  the  basis  of  the  information  obtained 
it  is  enabled  to  give  advice  to  other  Government  bureaus  or  depart- 
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ments  as  to  the  most  desirable  fuel  to  be  purchased  for  use  in  the 
equipment  available.  This  same  information  is  also  of  use  in  making 
recommendations  for  the  selection  of  new  equipment  for  installation 
in  Government  plants,  with  the  end  in  view  that  the  new  equipment 
may  be  suited  to  the  greatest  possible  niunber  of  coals  in  the  local 
market,  especially  the  cheaper  coals. 

The  suitability  of  any  particular  fuel  may  be  determined  by  its 
tendency  to  cause  smoke  emission  or  to  produce  objectionable  clinkers 
under  some  conditions,  or  by  other  factors.  Frequently,  however, 
a  fuel  considered  unsatisfactory  by  the  operating  force  in  a  given 
plant  may,  when  diflferently  handled,  prove  to  be  suitable.  This 
statement  applies  to  power  plants  or  heating  plants  of  considerable 
size,  but  is  just  as  true  when  applied  to  residence  heating  conditions 
and  equipment.  Consequently  the  bureau  frequently  has  to  conduct 
service  tests  with  some  of  the  coals  offered  for  a  Government  power 
or  heating  plant  before  recommending  which  fuel  shall  be  used. 

During  the  past  year  tests  of  this  sort  were  carried  out  in  four 
power  plants  in  Washington,  D.  C.,  and  also  at  two  of  the  United 
States  Indian  schools.  The  coal  for  most  Govra^iment  plants  is 
purchased  on  a  specification  basis,  and  the  practice  is  to  purchase 
the  fuel  showing  the  lowest  guaranteed  cost  per  million  British 
thermal  units,  providing  it  is  suitable  for  the  plant  conditions.  At 
two  other  Indian  schools  new  power  plants  or  extensions  to  existing 
plants  were  to  be  made,  and  plans  and  specifications  for  this  new 
work  were  examined  by  the  bureau.  In  each  case  changes  were 
reconunended  so  as  to  make  the  equipment  operate  more  efficiently 
and  at  the  same  time  make  it  suited  to  the  largest  number  of  the 
fuels  available. 

A  similar  service  is  being  rendered  to  the  superintendent  of  the 
Government  Hospital  for  the  Insane  in  Washington,  where  accept- 
ance tests  and  inspections  of  new  ^oker  and  coal  and  ash-handling 
equipment  are  being  made. 

Bequests  are  also  made  of  the  bureau  to  make  examinations  of 
power-plant  conditions  and  to  indicate  wherein  these  conditions 
can  be  improved  or  better  results  obtained.  A  case  of  this  sort  that 
occurred  during  the  past  year  was  that  of  the  District  pumping 
station,  at  Washington,  D.  C.  The  inquiry  for  this  plant  covered 
not  only  possibilities  of  greater  economy  in  the  utilization  of  fuel 
and  steam,  but  also  included  the  question  as  to  the  advisability  of  a 
change  in  fuel  and  in  stoking  equipment.  In  order  to  answer  the 
inquiry  it  was  necessary  to  conduct  evaporative  tests  and  to  study 
the  distribution  of  the  steam  used. 

In  addition  to  the  tests  relative  to  the  selection  and  use  of  fuel 
carried  on  at  other  Government  plants,  requests  are  made  by  dif- 
ferent departments  of  the  Government  for  information  obtained 
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from  tests  conducted  at  the  bureau's  experiment  station  in  Pitts- 
burgh. During  the  year  1916  several  such  problems  have  received 
attention.  A  series  of  tests  to  determine  the  comparative  evaporative 
performance  of  two  types  of  heating  boiler  such  as  would  be  used 
in  post-office  buildings  were  carried  out  for  the  Treasury  Depart- 
ment. The  purpose  of  this  study  was  to  ascertain  whether  one  type 
would  show  fuel  savings  sufficient  to  make  advisable  its  use  in 
preference  to  the  other. 

Another  and  much  larger  problem  in  which  the  War  Department 
is  interested  is  that  of  the  relative  values  of  various  fuels  for  domestic 
heating  purposes.  On  account  of  the  widely  separated  locations  of 
the  army  posts  a  great  variety  of  fuels  are  used  and,  since  the  inten- 
tion is  to  furnish  for  officers  and  men  a  fair  allowance  of  fuel  for 
the  conditions  at  their  respective  stations,  information  as  to  the  rela- 
tive values  of  these  fuels  under  the  conditions  of  use  is  of  importance. 
The  department  therefore  requested  that  the  bureau  conduct  tests  in 
several  heating  boilers,  for  which  they  supplied  a  large  number  of 
samples  of  coal,  wood,  and  oil.  The  results  obtained  will  furnish  in- 
formation of  interest  and  value  not  only  to  the  War  Department 
but  also  to  householders  throughout  the  country. 

The  extent  of  the  interest  of  the  householder  in  this  question  of  the 
selection  and  use  of  fuel  for  domestic  heating  was  well  illustrated  by 
the  demand  for  a  report  published  by  the  bureau  during  the  past 
year  entitled,  "  Saving  fuel  in  heating  a  house."  *  This  report  dis- 
cussed briefly  and  generally  the  more  important  factors  influencing 
the  consumption  of  fuel  in  residence  heating.  The  tests  now  being 
conducted  will  furnish  the  basis  for  other  reports  which  will  discuss 
much  more  fully  the  effect  of  some  of  these  factors.  For  instance, 
the  importance  of  employing  proper  methods  of  handling  fires  has 
been  strikingly  shown  by  the  tests  being  conducted,  and  experience 
with  a  wide  variety  of  fuels  will  furnish  data  on  how  different  coals 
should  be  handled  and  will  show  what  losses  may  occur  from  im- 
proper methods  of  operation. 

Another  report  completed  and  issued  during  the  year  was  one 
relating  to  tests  of  apparatus  for  indicating  or  recording  the  content 
of  carbon  dioxide  contained  in  chimney  gases.  Equipment  of  this 
character  has  been  purchased  for  many  Government  power  plants 
and  for  a  much  larger  number  of  commercial  power  plants,  but  there 
was  little  information  available  as  to  the  accuracy  of  the  instruments, 
the  conditions  affecting  their  accuracy,  or  the  amount  of  attention 
necessary  to  keep  them  in  running  order.  The  report  covers  tests  of 
seven  different  kinds  of  apparatus.  A  similar  series  of  experiments 
is  to  be  carried  out  with  several  types  of  apparatus  for  observing 

•  Brecken ridge,  L.  P.,  and  Flagg,  8.  B.,  Saving  fuel  In  heating  a  house:  Tech.  Paper 
97,  Bureau  of  Mines,  1015,  85  pp.,  8  figs. 
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judging,  or  recording  the  density  of  smoke  emitted  from  power- 
plant  chimneys.  Both  of  these  general  kinds  of  equipment  may  be 
classed  as  apparatus  to  enable  the  engineers  in  charge  of  fuel-burn- 
ing plants  to  supervise  more  closely  the  work  of  the  operating  force 
and  thereby  reduce  unnecessary  losses  of  fuel. 

INSPECTION  OF  OOVEBNMENT  FUEL  PITBCHASES. 

The  importance  of  supervising  more  carefully  the  Government's 
coal  purchases  was  early  recognized,  as  coal  was  being  purchased 
according  to  reputation  and  trade  name  rather  than  on  the  basis  of 
its  quality  as  measured  by  contained  moisture,  volatile  matter,  and 
ash,  and  by  heating  value  and  efficiency,  as  shown  by  use.  Coal  was 
purchased  simply  as  coal,  and  no  check  was  had  on  the  character 
and  quality  supplied  the  consumer.  Under  the  supervision  of  the 
Bureau  of  Mines  uniform  specifications  have  been  developed.  These 
prescribe  in  detail  definite  requirements  for  coal  purchased  by  the 
Government.  The  plan  of  purchasing  on  the  specification  basis  was 
first  adopted  by  the  Treasury  Department  in  1906,  and  this  method 
of  purchase  has  since  been  extended  imtil  the  plan — ^variously  modi- 
fied in  form  but  the  same  in  principle— has  been  adopted  by  aU  the 
departments  of  the  Government,  and  is  applied  to  almost  all  con- 
tracts large  enough  to  warrant  sampling  and  analysis  and  heating- 
value  tests.  The  value  of  the  coal  purchased  annually  by  the  Gov- 
ernment under  specifications  prepared  by  the  Bureau  of  Mines  or 
under  the  advice  of  the  bureau  is  now  not  less  than  $7,800,000. 

The  work  of  fuel  inspection  includes  the  collection,  analysis,  and 
testing  of  samples  representing  coal  purchased  for  the  Government 
under  specifications  in  order  to  ascertain  whether  the  deliveries  con- 
form to  the  contract  stipulations.  In  such  a  contract  a  bidder 
guarantees  the  quality  of  the  coal  he  offers,  and  the  quality  guaran- 
teed by  the  successful  bidder  becomes  the  standard  of  his  contract. 
Analyses  of  samples  of  deliveries  determine  whether  the  coal  de- 
livered is  of  the  guaranteed  standard.  If  it  is  not,  the  price  to  be 
paid  is  proportionately  decreased;  if  the  coal  is  of  higher  quality, 
the  price  is  proportionately  increased. 

A  number  of  the  States,  many  of  the  larger  cities,  and  a  large 
number  of  corporations  and  business  concerns  in  different  parts  of 
the  country  have  followed  the  general  plans  adopted  by  the  Govern- 
ment for  the  purchase  of  its  coal. 

During  the  fiscal  year  1916  a  considerable  number  of  samples  of 
coal  submitted  by  the  States  of  New  York,  Indiana,  Minnesota, 
Maine,  Alabama,  and  Maryland  were  analyzed  and  tested.  Authority 
for  doing  such  work  for  State  governments  is  given  the  bureau  under 
its  new  organic  act. 
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At  the  request  of  the  Navy  Department,  the  mining  and  shipping 
facilities  of  mines  from  which  purchase  of  coal  for  that  department 
is  proposed  are  carefully  exammed  by  engineers  of  the  bureau,  and 
samples  collected  in  each  mine  are  analyzed  at  its  laboratories.  Re- 
quirements as  to  ash  and  volatile-matter  contents  are  fixed,  and  these 
requirements  must  be  met  in  all  shipments.  Occasionally  samples  are 
collected  as  the  coal  is  being  loaded  on  ships,  and  if  it  is  ndi  up  to 
the  standard,  the  contractor  is  promptly  notified  that  his  coal  must 
comply  strictly  with  the  contract  specifications.  If  he  fails  to  ship 
coal  of  specified  quality,  his  contract  is  annulled.  Coal  purchased 
under  such  specifications  and  used  on  naval  vessels  amounts  to  about 
700,000  tons  a  year. 

In  order  to  determine  the  award  of  a  particular  contract,  or  to 
advise  other  bureaus  and  departments  of  the  Government  how  a  par- 
ticular  coal  can  be  utilized  most  efficiently,  or  to  ascertain  what  coal 
can  be  burned  to  best  advantage  in  a  particular  type  of  furnace,  or 
what  changes  in  equipment  will  enable  a  particular  Government 
building  or  plant  to  use  efficiently  the  cheaper  coals  locally  available, 
the  bureau  conducts  steaming  tests  at  its  experiment  station  in  Pitts- 
burgh or  cooperates  with  local  engineers  in  conducting  tests. 

During  the  fiscal  year  1916,  6,495  samples  were  analyzed.  Each 
analysis  was  checked  by  duplicate  determinations,  and  the  laboratory 
sampling  was  checked  by  analyzing  a  duplicate  sample.  In  addi- 
tion, 172  samples  of  peat  were  tested  in  cooperation  with  the  Minne- 
sota State  Geological  Survey. 

The  success  of  the  specification  method  depends  largely  on  correct 
sampUng  of  deliveries,  for  unless  the  samples  are  representative,  the 
analyses  and  tests,  however  accurate,  are  worthless.  Each  year  the 
local  employees  of  Government  power  and  heating  plants  are  becom- 
ing more  efficient  in  collecting  samples  and  are  thereby  insuring  the 
success  of  the  specification  method  of  purchase.  However,  experi- 
ence and  time  will  be  required  to  perfect  specifications  and  methods 
of  sampling  and  analysis  that  may  be  used  universally.  Success  now 
rests  almost  entirely  on  sampling.  Improper  sampling  leads  to  con- 
troversies and  to  condemnation  of  the  specification  method.  Mechani- 
cal devices  for  preparing  and  reducing  samples  are  needed,  for 
thereby  the  personal  equation  can  be  largely  eliminated.  The  Bureau 
of  Mines  is  developing  such  devices. 

irSE  OF  COKE  FOB  DOUESTIC  FTTBFOSES. 

In  an  investigation  of  the  use  of  coke  as  a  domestic  fuel,  informa- 
tion has  been  collected  from  coal-gas  companies,  from  by-product 
coke  companies,  and  from  dealers  handling  domestic  coke.  Inspec- 
tion trips  have  been  made  in  the  West  and  in  the  East.    Coke  manu- 
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facturers,  fuel  dealers,  and  householders  have  been  interviewed  con- 
cerning coke  and  its  adaptability  for  household  purposes.  The  in- 
formation thus  obtained  has  been  prepared  for  publication. 

Briefly,  the  general  conclusion  is  that  coke  makes  an  excellent  fuel 
for  residence  heating  when  properly  handled,  and  in  many  sections 
its  use  for  this  purpose  is  increasing  rapidly.  Within  the  past  five 
years  there  has  been  a  remarkable  development  in  the  domestic  utili- 
zation of  coke  and  during  the  winter  of  1915-16  the  demand  for  coke 
for  household  use  far  surpassed  all  previous  records  and  exceeded 
the  supply. 

FBEUHINAET  UONITE  INVESTIGATIONS. 

'  One  of  the  most  important  and  far-reaching  lines  of  investigation 
being  carried  on  by  the  Bureau  of  Mines  pertains  to  the  proper 
systems  of  mining  and  the  most  efficient  and  economical  methods  of 
utilizing  our  fuel  supplies  and  the  various  products  derived  from 
them. 

In  the  west  central  and  western  States  there  are  vast  deposits  of 
lignite,  the  extent  and  importance  of  which  have  been  little  appre- 
ciated. Economic  methods  for  the  development  and  utilization  of 
these  deposits  and  their  important  by-products  have  heretofore  been 
given  little  scientific  study. 

For  these  reasons  and  in  view  of  the  fact  that  the  Government 
controls  great  tracts  of  land  underlain  with  lignite  or  immediately 
adjacent  to  lignite  deposits,  the  Bureau  of  Mines  has  begun,  in  coop- 
eration with  the  School  of  Mines  of  the  University  of  North  Dakota, 
in  a  small  way,  some  preliminary  investigaticms  of  certain  phases  of 
the  lignite  problem. 

The  meager  funds  that  could  be  devoted  to  this  work  have  not 
made  possible  any  extended  investigations,  but  the  necessarily  limited 
introductory  work  that  has  been  done  has  demonstrated,  beyond  a 
doubt,  the  great  economic  importance  of  lignite  and  its  products  and 
has  shown  that  adequate  provision  should  be  made  for  more  extended 
research. 

What  has  been  accomplished  in  this  preliminary  experimental 
work  leads  to  the  belief  that  great  improvements  can  be  made  in  the 
methods  of  utilizing  lignite  as  a  fuel  in  the  manufacture  of  briquets 
and  in  the  production  of  cheap  gas  for  power  and  other  purposes.  In 
addition  to  this,  a  large  number  of  valuable  by-products  may  be  ob- 
tained by  a  variety  of  suitable  methods  of  treating  lignite. 

Some  of  the  phases  of  work  during  the  past  year  are  outlined 
below 

GAS  FBOH  LIGNITE. 

Tests  as  to  the  production  of  gas  from  lignite  have  been  made  by 
several  methods  under  a  variety  of  conditions  of  temperature,  time, 
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and  other  modifying  factors.  The  lignites  have  been  found  to  yield 
much  gas,  its  quality  and  character  varying,  of  course,  with  condi- 
tions of  production.  There  is  little  doubt,  however,  that  this  gas  can 
be  used  for  many  purposes  such  as  for  power,  heat,  and  light.  The 
power  tests  indicate  that  it  can  be  successfully  employed  to  drive 
gas  engines  and  that  in  such  western  lignite  regions  as  are  without 
water  power,  power  can  be  produced  at  such  a  low  figure  as  to  exert 
a  marked  influence  in  the  development  of  a  variety  of  industries  de- 
pendent upon  a  cheap  and  abundant  power. 

The  gas  thus  used  would,  of  course,  be  in  the  nature  of  a  by-product. 
There  can  be  obtained  about  10,000  cubic  feet  of  this  gas  from  a  ton 
of  dry  lignite,  and  in  the  unpurified  state  it  has  a  heating  value  of 
300  to  400  British  thermal  units  per  cubic  foot.  Under  proper 
methods  of  treatment  lignite  can  be  used  successfully  also  for  pro- 
ducer gas. 

LIGNITE  BBIQTTETS. 

Because  of  the  characteristic  tendency  of  lignite  to  slack  on 
exposure  to  air  and  the  large  amount  of  moisture  it  contains  as 
mined,  this  fuel  will  not  successfully  stand  long  storage  and  can  not 
be  profitably  shipped  long  distances  from  the  mines. 

After  the  lignite  has  been  dried  and  the  gases  and  other  products 
removed  there  is  left  a  residue  that  does  not  coke  but  has  a  high  fuel 
value,  and  when  properly  briqueted  produces  an  excellent  free-burning 
fuel  which  will  stand  storage  and  transportation.  The  proportions 
of  volatile  matter  and  fixed  carbon  can  be  regulated  by  the  degree  to 
which  carbonization  is  carried  on.  If  a  fuel  with  short  flame,  similar 
to  anthracite,  is  desired,  the  carbonization  is  continued  until  nearly 
all  of  the  gas  and  volatile  matter  has  been  removed,  but  if  the  briquete 
are  to  be  used  where  a  rather  long  flame  is  desired,  the  carbonization 
is  carried  only  so  far  that  sufficient  gas  and  volatile  matter  for  the 
desired  length  of  flame  will  be  left. 

AMMONIUM  SULPHATE  FBOM  LIGNITE. 

The  preliminary  work  thus  far  carried  on  indicates  that  there  can 
be  obtained  as  a  by-product  from  the  carbonization  of  the  lignite  in 
the  production  of  gas  probably  about  20  pounds  of  ammonium  sul- 
phate per  ton  of  lignite.  This  material  is  valuable  as  a  fertilizer 
and  has  other  industrial  uses. 

LIGNITE  TAB. 

A  considerable  quantity  of  lignite  tar  is  derived  as  a  by-product 
from  carbonization.  This  crude  tar  carries  a  variety  of  important 
products,  which  vary  in  character  and  amount  with  tiie  temperature 
and  time  of  carbonization.  Among  these  crude-tar  compounds  may 
be  mentioned  a  series  of  oils,  a  large  proportion  of  which  are  among 
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the  so-called  ^'  light  oils,"  and  a  varieiy  of  tar  acids,  such  as  phenols 
and  several  others  of  value. 

The  preliminary  work  thus  far  indicates  the  probability  of  an 
unusually  large  yield  of  these  tar  acids  from  lignite,  which  is  seem- 
ingly much  larger  than  that  obtained  from  the  corresponding  bitu- 
minous coke-oven  tar,  so  that  these  by-products  appear  to  be  of  much 
importance.  The  crude  tar  has  an  unusually  oily,  penetrating  char- 
acter and  seems  well  adapted  to  immediate  use  as  an  admirable  wood 
filler. 

Although  there  is  evidence  that  certain  varieties  of  dyestuffs  are 
obtainable  from  lignite  and  lignite  tars,  the  limited  investigations  so 
far  made  have  not  made  it  possible  to  take  up  the  study  of  lignite 
dyestuff  products. 

After  the  various  oils  and  acids  have  been  removed  from  the  crude 
tar,  considerable  pitch  of  a  superior  quality  is  left  which  seems  un- 
usually well  adapted  for  several  important  commercial  uses,  as  well 
as  for  the  briquetting  of  the  residue. 

LIGNITE  OILa 

During  the  past  year,  in  addition  to  a  study  of  the  problems  and 
products  already  mentioned,  a  little  preliminary  research  has  been 
made  of  the  derivation  and  character  of  oils  obtainable  from  lignite. 
Although  this  work  has  had  only  a  beginning,  it  is  of  promise  in 
view  of  the  quantity,  variety,  character,  and  commercial  value  of 
several  of  these  oils. 

Crude  heavy  oil  is  obtained  in  considerable  quantity  from  the  dis- 
tillation of  lignite  tar.  If  the  tar  has  been  produced  from  the  car- 
bonization of  lignite  at  a  temperature  of  about  1,200^  F.,  yields  of 
heavy  oil  of  2  gallons  and  more  per  ton  of  residue  have  been  ob- 
tained. This  crude  oil  no  doubt  contains  several  grades,  but  it  has 
not  been  possible  to  take  up  the  further  subdivision  and  purification 
of  this  oil.  The  flash  point  ranges  from  105"^  F.  for  the  lighter  to 
120°  F.  for  the  heavier  products.  This  oil  could  seemingly  be  used 
for  a  variety  of  fuel  purposes. 

Some  tests  have  also  been  made  of  the  use  of  this  crude  heavy  oil 
in  connection  with  the  concentration  and  flotation  of  certain  ores, 
and  under  proper  conditions  it  has  given  some  gratifying  results. 

By  the  direct  distillation  of  lignite  at  low  temperature  (about 
700°  F.)  a  totally  different  variety  of  rather  light  oil  is  obtained  in 
considerable  quantity.  Yields  amounting  to  5  to  6  gallons  per  ton  of 
dry  lignite  have  been  obtained,  and  it  is  quite  possible  that  this  yield 
can  be  materially  increased. 

It  will  be  noted  that  the  temperature  of  distillation  is  exceedingly 
low  and  the  yield  of  light  oil  relatively  large.    The  cost  of  produc- 
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tion,  therefore,  may  be  expected  to  be  moderate.  This  light  crude 
oil  has  a  low  flash  point,  and  is  seemingly  a  valuable  fuel  oil  in  the 
crude  form,  as  it  could  doubtless  be  used  with  only  partial  refining 
for  internal-combustion  engines,  but  on  further  refining  it  yields 
other  important  grades  of  oil,  among  which  might  be  grouped  a  crude 
benzol  or  benzol  equivalent,  which  is  highly  volatile.  Yields  of  2  gal- 
lons and  upwards  have  been  obtained  per  ton  of  dry  lignite.  As  this 
is  easily  obtained  from  the  crude  light  oil  of  low-temperature  distilla- 
tion its  cost  of  production  should  be  relatively  low. 

On  account  of  its  highly  volatile  character  and  its  freedom  from 
heavier  hydrocarbons,  this  oil  would  seem  to  be  a  valuable  product 
for  automobile  and  other  similar  types  of  gasoline  engines.  The  most 
economic  method  of  obtaining  this  product  is  worthy  of  thorough 
investigation,  for  it  is  easUy  obtained  in  considerable  quantity,  and 
the  carbonized  lignite  left  after  distillation  is  an  excellent*  fuel. 

CONCLTTSIONS. 

Thus,  the  limited  preliminary  work  thus  far  done  on  lignites  and 
lignite  products  indicates  that  the  possibilities  in  connection  with  the 
utilization  of  lignite  and  the  development  of  its  by-products  and  of 
associated  industries  are  very  encouraging  and  are  worthy  of  thor- 
ough investigation  and  research,  in  view  of  the  great  extent  of  the 
lignite  fields  and  the  great  importance'  of  the  lignite  products,  not 
only  to  the  western  areas  themselves  but  to  the  whole  country. 

ELECTSICITT  IN  MUTES. 

During  the  past  year  the  mining  industry  has  shown  an  tmusuai 
interest  in  the  bureau's  work  in  connection  with  mine  electrical  equip- 
ment The  bureau  has  approved  and  developed  more  equipment 
than  in  any  preceding  year.  During  the  fiscal  year  1916  the  bureau 
turned  into  the  United  States  Treasury  as  fees  from  electrical  tests 
the  sum  of  $2,189.82. 

IKVESTIGATIGK  OF  POBTABLE  ELECTBIC  MINE  LAMPS. 

Four  complete  lamp  investigations  were  made  during  the  fiscal 
year  1916,  and  approval  was  granted  to  each  of  the  following  lamps : 
The  ^anlite  lamp,  Approval  No.  11.* 
The  Concordia  hand  lamp,  Approval  No.  12. 
The  Wico  lamp.  Approval  No.  14. 
The  Concordia  cap  lamp.  Approval  No.  15. 
The  General  Electric  Co.  lamp.  Approval  No.  18. 
The  Hirsch  Co.  lamp.  Approval  No.  16. 

•Approval  rescinded  for  cause  Apr.  28,  1917. 
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Approval  No.  10,  issued  to  the  Edison  Storage  Battery  Co.  for  its 
cap  lamp,  was  extended  twice  during  the  year  to  cover  improvements 
made  by  the  manufacturer.  Two  brands  of  bulbs  in  addition  to  the 
brand  originally  approved  for  the  Edison  lamp  were  examined  and 
approved. 

The  operators  of  coal  mines  are  adopting  with  surprising  and 
gratifying  rapidity  portable  electric  mine  lamps  approved  by  the 
bureau.  It  is  probable  that  more  than  100,000  approved  electric 
lamps  will  be  put  into  service  in  coal  mines  during  the  next  12 
months. 

INVBSTiaATIOK  OF  EXPLOSIOK-PBOOF  MOTOB& 

Two  types  of  explosion-proof  coal-cutting  equipment  were  com- 
pletely tested,  and  approvals  Nos.  101  and  101-A  were  issued  to  the 
Goodman  Manufacturing  Co.  to  cover  the  210  and  500  volt  sizes  of 
their  type.  The  approval  of  the  other  type  of  machine  tested  was 
withheld  pending  certain  mechanical  and  electrical  modifications.  In 
addition,  approvals  Nos.  100  and  100-A  covering  equipment  of  the 
Sullivan  Machinery  Co.  were  extended  to  cover  improvements. 

The  Sullivan  Machinery  Co.  developed,  in  cooperation  with  the 
bureau,  an  unusually  efficient  and  safe  plug  connection  for  use  in 
gaseous  mines.  This  plug  constitutes  a  unique  device  for  breaking 
with  perfect  safety  in  the  presence  of  gas  comparatively  large 
electric  currents  at  voltages  not  in  excess  of  650  volts. 

A  new  gallery  for  the  testing  of  explosion-proof  equipment  was 
designed  and  erected.  This  gallery  will  greatly  decrease  the  time 
required  for  making  the  tests  of  explosion-proof  motors.  There  are 
now  on  file  18  applications  for  the  testing  of  explosion-proof  equip- 
ments, and  one  application  for  the  test  of  a  general-service  motor,  the 
development  of  which  the  bureau  has  been  urging  for  several  years. 

BULES  FOB  INSTALLIKG   AND  USING   ELECTBICAL   EQX7IPMEN1! 

IN  COAL  MINES. 

During  the  year  a  set  of  proposed  safety  rules  for  the  use  of  elec- 
tricity in  bituminous  coal  mines  was  proposed  by  engineers  of  the 
bureau  and  published  as  Technical  Paper  138.  About  15  conferences 
were  held  between  the  bureau's  engineers  and  prominent  mining 
engineers  and  coal-mine  operators,  and  a  comprehensive  research 
was  made  of  the  carrying  capacity  of  bare  copper  wires  for  mine 
use.  Many  changes  suggested  by  mine  operators  and  by  mining 
engineers  of  the  bureau  were  incorporated.  The  proposed  rules  have 
received  favorable  comments  from  some  of  the  largest  coal-mine 
operators,  and  have  been  reviewed  and  reconunended  for  trial  by  the 
American  Iiistitute  of  Electrical  Engineers. 
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BXPLOSIOV-TKOOV  STOaAOB-BATTIBBT  LOCOXOTIVXS. 

The  interest  that  has  been  manifested  by  mine  operators  in  the 
development  of  storage-rbattery  locomotives  for  mines  and  the  fact 
that  the  use  of  storage-battery  locomotives  will  eliminate  the  trolley 
wire  (the  most  dangerous  piece  of  electrical  equipment  in  mines)  has 
led  the  bureau  to  undertake  the  preparation  of  specifications  for  ex- 
plosion-proof storage-battery  locomotives.  Representatives  from  a 
large  proportion  of  the  manufacturers  have  conferred  with  the  bureau 
and  professed  their  interest  in  the  bureau's  purpose  and  their  inten- 
tion of  cooperating.  They  suggested  that  the  bureau  prepare  a  set 
of  specifications  embodying  the  requirements  that  the  bureau  con- 
siders to  be  essential  for  an  explosion-proof  storage-battery  loco- 
motive. These  specifications  are  completed,  and  have  been  submitted 
to  the  manufacturers  of  storage-battery  locomotives  and  to  several 
of  the  larger  coal-mine  operators,  whose  cooperation  has  been 
solicited  and  promised. 

DEVELOPMENT  OF  A  DTJBABLE  MINE-LAMP  GOBD. 

During  the  past  year  the  bureau  has  developed  a  durable  mine- 
lamp  cord  for  the  use  of  portable  electric  mine  lamps.  Up  to  the 
present  time  this  part  of  such  lamp  equipment  has  been  its  weakest 
feature,  and  little  success  has  seemed  to  attend  the  efforts  of  the 
lamp  manufacturers  to  improve  the  cord.  The  bureau  solicited  the 
assistance  of  the  manufacturers  of  electric  wires  and  cables,  and  after 
the  bureau  had  provided  them  with  such  information  as  it  had  at 
hand  at  that  time  regarding  the  best  design  to  follow,  the  bureau's 
experts  made  tests  of  all  of  the  different  designs  of  lamp  cords  that 
the  manufacturers  submitted.  The  investigation  is  now  complete,  and 
400  samples  of  26  types  of  cord  have  been  tested,  involving  a  total  of 
47,000,000  slattings  of  the  cords.  The  result  of  all  this  work  has 
been  the  development  of  a  cord  40  times  as  durable  as  the  best  cord 
tested  prior  to  the  undertaking  of  the  research.  This  development 
means  that  the  cord  has  been  raised  from  the  position  of  the  weakest 
part  of  the  lamp  equipment  to  that  of  one  of  the  most  durable  and 
reliable. 

ELECTBICAL  METHANE  DETECTOB. 

For  several  years  the  bureau  has  been  developing  an  electrical 
methane  detector.  The  results  of  the  work  have  been  gratifying 
and  the  detector  promises  to  become  a  device  that  instantly  will  detect 
less  than  0.25  per  cent  of  gas.  The  sensitiveness  and  durability  of 
the  instrument  are  beyond  question ;  some  difficulty  has  been  experi- 
enced in  making  the  sensitive  part  of  the  instrument  durable,  and 
reliable,  but  the  results  obtained  recently  have  been  encouraging. 
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DnrSSTIOATIOBB  OF  MIHE  AlH)  HATITEAL  OASES. 

Important  work  was  dcm^  during  the  fiscal  year  1916  on  a  process 
for  the  absorption  of  gasoline  frcHn  natural  gas.  This  process  con- 
sists of  bringing  so-called  "  dry  "  natural  gases,  which  contain  a  very 
small  percentage  of  gasoline  vapor  that  can  not  be  handled  by  the 
ordinary  compression  method,  in  contact  with  a  petroleum  distillate 
much  heavier  and  of  higher  boiling  points  than  gasoline,  thereby 
causing  the  oil  used  to  absorb  gasoline  from  the  natural  gas.  This 
absorption  may  take  place  in  suitable  towers  or  through  a  specially 
designed  apparatus  for  absorbing  vapors  or  gases  in  liquids.  After 
the  oil  has  absorbed  the  gasoline  from  the  natural  gas  it  is  pumped  to 
a  steam  still,  where  the  gasoline  is  separated  from  the  oil  by  frac- 
tional distillation.  Then  the  oil  is  pumped  back  through  heat  ex- 
changes and  cooling  coils  to  the  absorber  to  receive  another  charge 
of  gasoline.  In  other  words,  the  oil  acts  simply  as  a  carrier  of  gaso- 
line from  the  absorber  to  the  still  and  is  used  over  and  over  again. 
The  process  is  continuous,  as  the  oil  traverses  a  circuit  and  the  natural 
gas  is  continually  passing  into  and  out  of  the  absorbers.  By  the 
process  millions  of  cubic  feet  of  natural  gas  can  be  utilized  for  gaso- 
line extraction  that  hitherto  have  been  considered  too  lean,  the  esti- 
mated output  of  gasoline  by  the  process  being  100,000,000  gallons 
each  year. 

The  Bureau  of  Mines  did  not  initiate  work  on  this  process,  for  one 
of  the  large  gas  companies  installed  it  in  1913,  but  the  bureau  is  the 
first  body  to  conduct  elaborate  experiments  for  the  benefit  of  the 
public.  These  experiments  demonstrated  the  fact  that  it  is  not  neces- 
sary to  perform  the  absorption  at  pressures  above  30  pounds  per 
square  inch  unless  the  pressure  of  the  natural  gas  is  high.  As  many 
millions  of  cubic  feet  of  gas  can  be  used  at  low  pressure  the  bringing 
of  this  fact  to  the  public  is  of  great  importance.  A  comprehensive 
report  discussing  in  detail  the  many  tests  that  were  made  is  to  be 
published  soon. 

Another  achievement  has  been  the  development  of  a  gas  detector  for 
mine  use.  This  is  considered  to  be  the  first  practical,  accurate,  and 
simple  gas  detector  for  use  in  mines.  A  test  requires  less  than  two 
minutes,  and  an  accuracy  of  0.1  per  cent  can  be  obtained.  The  instru- 
ment is  made  of  metal  and  weighs  less  than  2  pounds.  It  has  been 
described  in  a  preliminary  article*  by  one  of  the  bureau's  experts. 

The  first  model,  which  is  now  in  the  hands  of  a  company  that  is 
placing  it  on  the  market^  is  meant  for  use  with  the  miners'  cap  lamp 
battery,  many  thousands  of  which  are  found  in  American  mines. 
About  200  detectors  are  in  actual  use  in  mines.    Another  model  to 

•BnrreU,  Q.  A.,  Description  of  a  portable  gas  detector:  Jour.  Ind.  and  Eng.  Chem., 
vol.  8,  19ie,  p.  866. 
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follow  will  contain  small  dry  cdls  included  in  the  body  of  the  instru- 
ment, and  perhaps  a  third  model  containing  a  very  small  storage  cell 
so  that  the  operation  of  the  device  will  be  independent  of  a  source 
of  electrical  energy  not  contained  in  the  instrument  itself. 

The  development  of  the  device  has  been  somewhat  slow  because  a 
great  deal  of  time  has  been  spent  in  making  it  explosion  proof,  and 
this  object  is  believed  to  have  been  accomplished.  The  device  has 
other  uses  besides  detecting  dangerous  atmospheres  in  mines.  For 
instance,  it  can  be  used  in  detecting  different  combustible  gases  like 
natural  gas,  artificial  illuminating  gas,  hydrogen,  acetylene,  or  other 
gases  in  air  wherever  they  may  accumulate  and  wherever  it  may  be 
desirable  to  test  for  them. 

The  bureau's  chemists  have  done  further  work  on  the  measurement 
of  natural  gas  at  high  pressures.  Each  year  in  the  natural-gas  indus- 
try many  millions  of  cubic  feet  of  gas  are  measured  imder  pressures 
up  to  300  pounds  or  greater,  and  the  assumption  has  always  been 
made  that  the  gas  follows  the  law  for  a  perfect  gas  as  regards  the 
relation  of  pressure  to  volume.  This  simple  law,  called  "  Boyle  s 
law,"  states  that  the  volume  of  a  gas  times  the  pressure  applied  to  the 
gas  is  constant  at  all  pressures.  However,  this  law  does  not  always 
hold,  and  the  neglect  of  proper  correction  for  variations  has  resulted 
in  the  erroneous  measurement  of  many  millions  of  cubic  feet  of  natu- 
ral gas.  The  Bureau  of  Mines  determined  the  deviation  from  Boyle's 
law  for  many  samples  of  natural  gas,  and  also  for  the  constituents 
that  comprise  natural  gas,  in  order  to  show  the  proper  correction  to 
be  applied  in  natural-gas  measurements.  The  results  of  this  investi- 
gation will  be  found  in  Bureau. of  Mines  Technical  Paper  181.« 

NITSATION  OF  WATEE-GAS  TOLTTENE. 

An  investigation  of  the  nitration  of  water-gas  toluene  was  under- 
taken in  view  of  the  rather  prevalent  impression  that  toluene  obtained 
in  the  manufacture  of  water  gas  is  unsuitable  for  the  manufacture  of 
trinitrotoluene,  because  of  the  presence  in  it  of  hydrocarbons  of  the 
aliphatic  series  whose  removal  can  not  be  effected  by  the  usual 
methods  of  purification.  It  was  further  anticipated  that  a  similar 
difficulty  would  be  encountered  in  efforts  to  utilize  toluene  prepared 
by  processes  involving  the  cracking  of  petroleum. 

However,  early  in  the  course  of  the  investigation  it  became  appar- 
ent that  aliphatic  hydrocarbons,  if  present  at  all  in  any  sample 
under  investigation,  were  present  in  neglible  amounts,  as  far  as  these 
affect  nitration.  Consequently,  the  investigation  became  a  more 
general  one,  embracmg.the  nitration  of  any  good  grade  of  toluene, 

•BnrreU,  G.  A.,  and  Robertson,  I.  W.,  The  compresslbUity  of  natural  gas  at  high 
pressure,  1016,  12  pp.,  2  figs. 
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and  it  was  continued  with  the  purpose  not  only  of  working  out  the 
conditions  under  which  the  best  yield  of  trinitrotoluene  could  be  ob- 
tained from  the  sample  of  toluene  in  hand,  but  also  of  developing  a 
method  that  might  be  capable  of  successful  industrial  application  to 
the  nitration  of  any  toluene  of  approximately  the  same  degree  of 
purity.  The  need  of  such  an  investigation  was  emphasized  by  the 
incompleteness  of  published  details  with  respect  to  methods  already 
applied  successfully  in  the  industries.  The  data  available  in  the 
literature  on  the  nitration  of  toluene,  although  valuable  and  sug- 
gestive, did  not  afford  a  satisfactory  basis  for  comparing  the  merits 
of  different  manufacturing  processes  with  respect  to  quantity  and 
quality  of  yield  of  trinitrotoluene. 

Investigation  of  various  conditions  affecting  the  nitration  of  the 
toluene  and  the  yield  of  trinitrotoluene  have  resulted  in  the  develop- 
ment of  a  method  of  nitration  by  which  a  good  yield  of  high-grade 
trinitrotoluene  is  obtained.  The  results  of  the  investigation  are  em- 
bodied in  Technical  Paper  146  «  of  the  bureau. 

CONSTITimON  OF  COAL. 

Closely  related  to  other  investigations  in  progress  in  the  bureau 
is  the  investigation  of  the  chemical  nature  of  the  organic  constituents 
of  coal.  Information  derived  from  such  an  investigation  of  the  na- 
ture of  coal  is  of  importance  in  its  relation  not  only  to  pure  science 
but  especially  to  the  determination  of  the  factors  that  govern  the 
coking  property  of  coal,  the  spontaneous  combustion  of  coal,  and 
the  inflammability  of  coal  dust;  to  the  correct  interpretation  of  the 
changes  that  take  place  during  the  destructive  distillation  of  coal; 
and  to  the  intelligent  and  economical  utilization  of  coal  in  the  indus- 
tries. Progress  in  such  an  investigation  is  necessarily  difficult  on 
account  of  the  complexity  of  the  coal  substance  and  the  great  resist- 
ance that  it  offers  to  the  ordinary  physical  and  chemical  methods  of 
study. 

On  the  chemical  side,  the  method  followed  in  the  bureau  has  in- 
volved the  separation  of  the  constituent  substances  of  coal  as  far  as 
possible  by  means  of  extraction  with  organic  solvents  and  the  subse- 
quent study  of  the  separate  portions  thus  obtained.  A  preliminary 
investigation  along  these  lines  is  reported  in  Technical  Paper  5  ^  of 
the  bureau. 

Previous  to  the  resumption  of  a  second  investigation  a  few  months 
ago,  a  large  amount  of  coal  from  the  Pittsburgh  bed  had  been  ex- 
tracted with  pyridine,  the  pyridine  extract  had  been  fractionated  by 

•  Hoffman,  E.  J.,  The  nitratioii  of  toloene :  Tech.  Paper  146,  Bureau  of  Mines,  1916, 
30  pp. 

^FraEer,  J.  C.  W.,  and  Hoffman,  S.  J.,  The  conatitaenta  of  coal  BOloble  In  phenol: 
Tech.  Paper  5,  Bnrean  of  Mlnea,  1912,  20  pp.,  1  pi. 
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means  of  other  organic  solvents,  and  several  of  these  fractions  had 
been  examined  in  some  detail.  The  investigation  has  been  continued 
during  the  latter  part  of  the  present  fiscal  year,  and  further  progress 
has  been  made  in  the  effort  to  identify  some  of  the  constituents  of  the 
coal  previously  separated  by  means  of  solvents. 

WOSK  OF  T&E  BITBEAir'S  ANALTTICAL  LABOEATOET. 

At  its  Pittsburgh  experiment  station  the  bureau  maintains  a  gen- 
eral analytical  laboratory  which  is  engaged  principally  in  making  the 
necessary  analyses  and  tests  that  are  constantly  required  in  connec- 
tion with  the  study  of  fuels  and  with  the  mine-accidents  investiga- 
tions that  are  being  conducted  at  the  station  or  in  the  field. 

Naturally,  the  analysis  and  testing  of  coal  and  coke  comprise  the 
larger  proportion  of  the  work  done  at  the  Pittsburgh  laboratory. 
The  laboratory  is  equipped  with  the  most  improved  apparatus  for 
the  complete  and  accurate  analysis  of  coal,  coke,  lignite,  and  peat. 
During  the  year  the  bureau's  equipment  was  increased  by  two  new 
constant-temperature  calorimeters,  which  are  capable  of  giving  the 
highest  precision  in  determining  the  heating  value  of  fuels.  The 
work  done  in  this  laboratory  during  the  year  may  be  classified  as 
follows: 

ANALYSES  OF  lONE  SAMPLES  OF  COAL. 

In  order  to  obtain  adequate  and  comparable  information  on  the 
value  of  the  fuel  resources  of  the  country,  the  United  States  Geological 
Survey  and  State  geological  surveys,  in  cooperation  with  the  bureau, 
have  for  a  number  of  years  been  collecting  mine  samples  of  coal  in 
various  parts  of  the  country.  From  time  to  time  these  analyses  have 
been  collected  and  tabulated  in  reference  to  their  sources  for  pub- 
lication in  the  bureau's  reports.  These  publications  form  a  library 
of  ready  reference  to  which  busy  operating  engineers  or  purchasing 
agents  of  railroads,  steamships,  and  large  industrial  concerns  may 
turn  and  determine  in  advance  the  probable  quality  of  coal  available 
in  any  given  locality. 

The  first  of  this  series  of  publications.  Bulletin  22,^  contains  all 
analyses  of  mine  and  car  samples  of  coal  collected  between  July  1, 
1904,  and  June  80, 1910. 

The  second.  Bulletin  85,*  contains  the  analyses  made  between  July 
1, 1910,  and  June  30, 1913. 

The  third  bulletin,  covering  the  period  from  July  1,  1913,  to  June 
^0, 1916,  is  nearly  ready  for  publication. 

'Lord,  N.  Wm  and  others,  Analyses  of  coals  in  the  United  States,  with  descriptlonB 
of  mine  and  field  samples  collected  between  July  1,  1904,  and  Jane  80,  1010 :  Bull.  22, 
Bureau  of  Mines,  1912,  1,200  pp.  (In  two  parts). 

^Fleldner,  A.  C.  and  others,  Analyses  of  mine  and  car  samples  of  coal  coUected  In 
tbe  fiscal  years  1011  to  1913 :  BuU.  85,  Bureau  of  Mines,  1014,  444  pp.,  2  figs. 
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DETEBH INATION  OF  COHBTXSTIBIiE  HATTEB  IN  STONE  DUST. 

In  connection  with  the  investigations  on  the  limiting  and  preven- 
tion of  dust  explosions  in  coal  mines  by  scattering  stone  dust  in  the 
mine  passageways  it  became  necessary  to  determine  accurately  the 
percentages  of  combustible  carbon  and  hydrogen  in  clays,  shale,  lime- 
stone, and  other  materials  that  might  be  available  for  sudi  use. 
Obviously,  material  that  contains  the  least  combustible  matter  is  be^ 
adapted  for  the  purpose  mentioned.  The  usual  methods  of  deter- 
mining total  hydrogen  and  carbon  or  ash  do  not  give  sufficiently 
accurate  results,  as  they  do  not  differentiate  between  combustible 
organic  carbon  and  noncombustible  organic  carbon  from  the  car- 
bonates, nor  do  these  ordinary  methods  distinguish  between  the 
organic  hydrogen  and  the  hydrogen  in  any  combined  water  present 
in  shales  and  clays.  A  simple  method  has  therefore  been  devised 
whereby  only  the  true  combustible  is  determined. 

DETEBMINATION    OF    INCOMBUSTIBLE    MATTEB    IN    BOAB    AND 

BIB  DUSTS. 

In  applying  stone  dust  for  limiting  explosions  in  mines  it  is  neces- 
sary to  determine  quickly  and  on  the  spot  the  approximate  percentage 
of  noncombustible  matter  in  the  road  and  rib  dusts  in  order  to  deter- 
mine how  much  additional  limestone  or  shale  dust  is  required  to 
prevent  propagation  of  dust  explosions. 

For  this  purpose  the  Tafannel  volumeter  has  been  modified  and 
.  combined  with  a  convenient  portable  field  equipment. 

As  shown  in  Plate  XII,  C^  this  outfit  consists  of  the  volimieter  rt, 
pipette  6,  balance  <?,  sampling  scoop  ^,  sampling  cloth  ^,  alcohol 
can  /,  combined  carrying  case  and  table  g^  etc. 

The  determination  of  the  incombustible  matter  is  made  as  follows: 

Twenty-five  cubic  centimeters  of  alcohol  is  measured  into  the  volu- 
meter flask  with  the  pipette  and  is  followed  by  20  grams  of  the 
dust  to  be  tested.  The  graduated  tube  is  then  inserted  in  the  flask 
and  the  dust  and  alcohol  thoroughly  mixed  by  shaking;  25  c.  c. 
more  of  alcohol  is  then  added  from  the  pipette  through  the  stem  of 
the  volumeter,  all  adhering  particles  being  carefully  washed  down. 
After  1  minute  the  scale  reading  of  the  meniscus  is  taken,  and  by 
reference  to  tables  the  percentage  of  incombustible  is  obtained. 

DETEBMINATION    OF    HOISTUBE   IN    COHMEBCIAL      SHIFK£NTS 

OF  COKE. 

In  cooperation  with  the  committee  on  coke  of  the  American  So- 
ciety for  Testing  Materials  experiments  were  made  to  develop 
methods  of  determining  moisture  in  shipments  of  coke.  It  was 
found  that  the  moisture  in  coke  could  be  determined  by  much  simpler 
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methods  than  those  required  for  coal,  owing  to  the  fact  that  the 
wa4;er  in  coke  is  all  superficial  moisture  and  in  no  way  combined  with 
the  coke  substance. 

As  a  result  of  these  experiments  the  bureau  recommends  that  the 
moisture  in  ooke  be  determined  by  drying  the  sample  to  constant 
wei^t  at  any  temperature  between  105°  and  200°  C.  The  sample 
should  not  be  crushed  to  pieces  smaller  than  1  inch.  No  special  oven 
is  required^  The  foundryman  may  use  a  core  oven  to  advantage, 
or  a  warm  place  in  the  boiler  rooin.  The  principal  precaution  to  be 
observed  is  to  dry  the  sample  as  quickly  as  possible  afl^  it  is  taken 
and  to  keep  it  in  a  tight  container  while  it  is  conveyed  to  the  place 
for  drying.  The  experiments  have  further  shown  that  wet  coke 
can  not  be  crushed  without  losing  moisture.  The  results  of  this  in- 
v^tigation  will  be  published  in  a  technical  paper  of  the  bureau. 

DETEBMINATION  OF  NITBOGENT  IN  COKE. 

In  connection  with  by-product  coking  investigations  with  special 
reference  to  the  yields  of  ammonia  under  various  ccmditions,  it  is 
frequently  necessary  to  determine  the  mtrograi  remaining  in  the 
coke.  The  usual  methods  of  determining  nitrogen  in  coal  are  ex- 
ceedin^y  tedious  when  applied  to  coke ;  therefore  experiments  have 
been  undertaken  with  a  view  to  deviiang  some  shorter  method  to 
apply  to  coke  determinations. 

The  action  of  various  catalytic  and  oxidizing  agents  is  being 
tried,  and  it  is  hoped  so  to  modify  the  Kjeldahl  method  as  to  sh<Hi;en 
the  time  of  digestion  considerably. 

CHLOBIDES,  CABBONATES,  AND  OBOANIC  SXTLPSm  IN 

AMEBICAN  COALS. 

Certain  coals,  especially  the  English  coals,  contain  chlorides. 
These  chlorides  seem  to  affect  the  brick  ovens  and  clay  retorts  used  in 
the  manufacture  of  coke  and  illuminating  gas.  A  series  of  analyses 
for  chlorine  and  also  for  organic  sulphur  and  carbonate  carbon  in 
coal  has  been  made»  In  the  coals  tested  thus  far  only  traces  of 
chlorine  have  been  found.  Organic  sulphur,  however,  is  a  rather 
general  constituent  of  American  coals,  in  some  of  which  it  comprises 
half  the  total  sulphur.  The  largest  proportion  of  carbon  in  the  form 
of  carbonates,  has  generally  been  found  in  coals  from  the  interior 
field,  Illinois,  Indiana,  Missouri,  and  western  Kentucky. 

FTTSIBILITT  AND  CLINKEBING  OF  COAL  ASH. 

The  high  rates  of  combustion  that  are  used  in  modem  boiler  fur- 
naces have  greatly  increased  fuel-bed  temperatures  and  consequent 
trouble  from  clinker  formation,  especially  in  certain  types  of  me- 
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chanical  stokers  in  which  the  fresh  coal  is  pushed  up  into  the  hot 
fuel  bed.  There  is,  therefore,  a  demand  for  a  simple,  ^duplicatable 
laboratory  test  whereby  the  clinkering  tendencies  of  various  coals 
may  be  graded  numerically. 

The  fusibility  of  the  ash,  as  indicated  by  the  temperature  at  which 
it  softens  or  deforms  when  molded  in  the  form  of  Seger  cones,  has 
been  generally  regarded  as  offering  some  indication  of  the  clink^ing 
properties  of  a  coal.  It  is,  however,  now  well  known  that  the  results 
of  this  test  are  greatly  affected  by  the  shape  of  the  test  piece,  the  rate 
of  heating,  and  especially  by  the  nature  of  the  atmosphere — ^whether 
oxidizing  or  reducing-in  which  the  aah  is  heated.  Experiments 
were  made  showing  the  effect  of  the  various  fuel-bed  gases,  such  as, 
oxygen,  carbon  dioxide,  carbon  monoxide,  hydrogen,  and  water  vapor, 
on  the  fusion  of  ash.  The  highest  temperature  of  fusion  was  found 
in  an  oxidizing  atmosphere,  and  the  lowest  temperature  of  fusicm  in 
an  atmosphere  that  was  partly  reducing,  such  as  to  reduce  the  iron 
to  the  ferrous  state  in  a  nonmagnetic  slag.  This  type  of  slag  is 
generally  found  in  fuel-bed  clinkers,  and  therefore  indicates  the  con- 
dition under  which  the  laboratory  test  should  be  made. 

Two  furnaces  and  methods  of  operation  have  been  devised  to  make 
these  softening-temperature  tests  so  as  to  obtain  nonmagnetic  slags, 
as  follows:  (1)  Fusion  in  an  atmosphere  of  hydrogen  and  water 
vapor  in  a  molybdenum  electric  furnace,  and  (2)  fusion  in  a  gas  fur- 
nace operating  with  an  insufficient  air  supply  the  unbumed  CO  and 
hydrocarbons  from  the  gas  forming  the  reducing  atmosphere* 

This  latter  form  of  furnace  gives  in  general  somewhat  higher  re- 
sults (up  to  100^  C.  higher)  than  the  electric  furnace  with  an  atmos- 
phere of  hydrogen  and  water  vapor.  However,  the  gas  furnace  is  so 
much  cheaper  to  build  and  operate  that,  in  spite  of  the  greater 
variability  in  the  results,  it  will  probably  find  more  general  commer- 
cial use  than  the  electrically  heated  furnace.  In  operating  the  gas 
furnace  a  reducing  atmosphefe  must  be  maintained  by  using  the 
least  air  that  will  support  c(»nbustion  enough  to  attain  the  desired 
temperatures.  It  is  necessary  merely  to  suspend  the*  fused  cone 
from  a  thread  in  the  field  of  a  strong  electromagnet  to  determine 
whether  the  cone  has  any  appreciable  magnetism.  If  the  ccme  shows 
more  than  a  trace  of  magnetism,  the  atmosphere  is  not  reducing 
enough  and  the  test  should  be  repeated  with  a  larger  excess  of  gas. 

The  results  of  this  investigation  are  being  compiled  for  publica- 
tion in  a  bulletin. 
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DETKBMINATIOK  OF  FESBOUS,  FEBBIC,  A2n>  MBTAIXIC  IBOK  IN 

SLAGS  A2n>  CUNXEBS. 

In  order  to  determine  the  state  of  oxidation  of  the  iron  in  clinkers 
and  in  cones  fused  in  various  atmospheres,  it  was  necessary  to  deter- 
mine the  amounts  of  iron  present  in  the  three  possible  forms,  namely, 
metallic  iron,  ferrous  oxide,  and  ferric  oxide.  The  three  following 
methods  were  studied:  (1)  The  copper  sulphate  method;  (2)  the 
mercuric  chloride  method,  and  (3)  the  bromammonium-acetate 
method.  The  latter  was  f oimd  most  accurate,  although  for  certain 
purposes  where  only  the  percentage  of  metallic  iron  is  desired  the 
first  two  methods  are  applicable.  As  the  textbooks  on  quantitative 
analysis  make  no  reference  to  methods  for  determining  metaUic  iron, 
this  wcHrk  should  be  of  considerable  value  to  anyone  desiring  to  make 
such  determinations.  The  details  of  the  work  will  be  outlined  in  a 
technical  paper  of  the  Bureau  of  Mines. 


MINERAL-TECHNOLOGY  INVESTIGATIONS- 

IHVESTIOAXIOir  OF  BADIUM  AHS  OTHEB  RASE  METALS. 

Until  three  or  four  years  ago  radium  was  more  or  less  a  scien- 
tific curiosity,  the  amount  in  existence  being  small,  and  scattered 
among  a  reasonably  large  number  of  people.  The  result  was  that 
no  one  person  had  what  would  now  be  considered  a  reasonable  amount 
of  the  material.  Some  men,  such  as  Sir  William  Ramsey  and  Sir 
Ernest  Rutherford,  possessed  something  like  200  milligrams  of  radium 
metal,  all  of  their  intensely  interesting  and  valuable  scientific  work 
having  been  done  with  this  amount.  The  reason  for  the  dearth 
of  radium  was  that  the  ore  supply  was  limited,  and,  moreover, 
methods  of  manufacture  were  expensive.  With  the  advent  of  the 
successful  use  of  radium  in  cancer  therapy,  the  demand  for  radium 
increased,  and  about  this  time  camotite  ore  begau  to  be  shipped  from 
southwestern  Colorado  and  eastern  Utah  to  Europe  where  the  radium 
was  extracted.  The  Bureau  of  Mines  became  interested  in  the 
country's  uranium  deposits,  and  started  an  investigation,  the  results 
of  which  were  published  in  Bulletin  70  •  of  the  bureau.  The  report 
showed  that  the  largest  deposits  of  uranium-bearing  ore  in  the  world 
were  situated  in  southwestern  Colorado  and  eastern  Utah,  although 
this  fact  was  not  generally  known  in  either  of  these  States.  In  fact, 
it  was  not  until  Bulletin  70  appeared  that  the  real  value  of  these 
deposits  was  publicly  appreciated. 

BADITTM  EXTBACTIOK  BY  BtTBEAU  OF  MINES. 

After  it  had  been  shown  that  a  considerable  ore  supply  was  avail- 
able, it  became  advisable  also  to  show  that  the  treatment  of  radium- 
bearing  ore  and  the  refining  of  the  material  obtained  were  feasible 
in  this  country.  This  necessity  culminated  in  the  cooperative  ar- 
rangement between  the  Bureau  of  Mines  and  the  National  Radium 
Institute,  whereby  the  Government  was  able  to  experiment  on  the 
treatment  of  camotite  ore,  and  incidentally  to  retain  in  this  country 
a  supply  of  radium  for  two  of  our  important  hospitals.  This  work 
was  begun  in  1914r-15  and  has  been  continued  in  1916.  The  result 
has  been  that  more  than  eight  grams  of  radium  has  been  obtained  at 
a  cost  of  less  than  $40,000  per  gram.  This  radium  is  not  for  sale  but 
is  being  used  in  the  General  Memorial  Hospital  in  New  York  and 
in  the  Howard  A.  Kelley  Hospital  in  Baltimore. 

•Moore,  R.  B.,  and  KlthU,  K.  L.,  A  preliminary  report  on  nranlnm,  radiom,  and 
Tanadlum :  Bull.  70,  Bureau  of  Mines,  1918,  101  pp^  4  pis.,  2  figs. 
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This  amount  is  more  than  seven  times  as  much  as  the  total  amount 
owned  and  in  use  in  this  country  before  the  work  began.  The  scale 
on  which  the  radium  extraction  has  been  carried  on  is  indicated  by 
the  fact  that  the  production  in  a  single  month  has  been  twice  as  large 
as  the  amount  of  radium  in  the  possession  of  Rutherford  or  Ramsey, 
and  until  a  few  years  ago  the  amounts  they  had  at  their  disposal  were 
considered  relatively  large.  Not  only  has  this  large  amount  of 
radium  been  conserved  to  this  country  for  the  use  of  cancer  treat- 
ment and  for  scientific  purposes,  but  all  of  the  details  necessary  for 
the  treatment  of  camotite  ore  have  been  worked  out  and  published 
for  the  benefit  of  anyone  interested.  Little  had  previously  been  pub- 
lished concerning  the  method  of  treating  radium-bearing  ores  and 

the  refining  of  the  salts  obtained,  but  Bulletin  104 «  of  the  Bureau  of 
Mines  gives  information  not  only  as  to  the  treatment  of  the  ore,  but 

also  as  to  methods  of  analyses  and  details  concerning  the  refining  of 
the  crude  radium  salts  obtained.  After  the  work  had  been  started  it 
was  found  that  the  generally  known  methods  of  analyses  for  radium 
were  not  applicable  for  commercial  purposes,  and  one  of  the  earliest 
and  most  important  parts  of  the  work  involved  an  investigation  of 
methods  of  analyses  that  would  be  applicable  to  the  existing  condi- 
tions. 

The  radium  plant  was  operated  until  January,  1917.  At  that  time 
the  contract  between  the  ^National  Radium  Institute  and  the  Bureau 
of  Mines  was  completed.  A  certain  proportion  of  the  radium  pro- 
duced has  been  retained  by  the  Bureau  of  Mines  under  its  agreement 
with  the  institute.  Part  of  this  will  be  used  for  scientific  work,  and 
part  for  medical  work  in  connection  with  cancer.  There  are  a  con- 
siderable number  of  problems  in  connection  with  radium  that  have 
not  only  a  scientific  value  but  also  a  commercial  bearing.  The  ma- 
terial retained  by  the*  bureau  will  give  an  opportunity  for  the  study 
of  a  number  of  these  problems.  In  addition,  a  considerable  amount 
of  radioactive  lead,  ionium,  and  actinium  concentrates  have  been 
obtained,  and  methods  for  further  concentrating  and  refining  these 
will  be  studied,  and  the  material  obtained  will  be  valuable  for  sci- 
entific work. 

TREATMENT  OF  CABNOTITE  AND  OTHEB  BADIXW-BEAKCNa 

OBES. 

The  actual  work  of  mining  camotite  ores,  which  was  started  in 
1914  in  cooperation  with  the  National  Radium  Institute,  was  con- 
tinued in  1915  under  the  direction  of  the  bureau's  engineers.  A  bulle- 
tin on  the  work  will  soon  be  issued.   There  has  been  mined  in  all  about 

1,000  tons  of  shipping  ore,  averaging  over  2  per  cent  UgOg,  and  in 

"- '  III        11      1 1 .  ■ . .  « . 

*  Parsons,  C.  L.,  and  others.  Extraction  and  recovery  of  radium,  uranium,  and  yana- 
dliim  from  carnoUte:  BnU.  104,  Bureau  of  Mines,  1915,  124  pp.,  14  pis.,  9  tigs. 


102  YEABBOOK  OF  THE  BUBEAU  OF  MIKES — ^1916. 

connection  with  the  mining  of  the  commercial  ore,  about  2,000  tons 
additional  of  low-grade  milling  ore  heretofore  wasted,  containing  an 
average  of  0.85  per  cent  UjOg,  has  been  produced  and  concentrated. 
A  concentrating  plant  was  built  at  the  mines  nt  Long  Park,  Paradox 
Valley,  southwestern  Colorado,  and  has  been  operated  on  a  commer- 
cial scale,  turning  out  about  300  tons  of  concentrates  averaging  3  per 
cent  UyOa.  Waste  ores  of  this  grade  have  heretofore  been  left  on  the 
dump,  but  it  has  now  been  definitely  proved  that  such  ores  can  be 
made  into  a  commercial  product  by  dry  concentration.  An  enormous 
waste  may  be  thus  eliminated,  as  ores  of  this  grade  have  not  hereto- 
fore been  profitably  marketed  either  as  ore  or  as  concentrates.  The 
forthcoming  bulletin  will  describe  the  mining  and  concentrating 
methods  in  detail  and  give  costs. 

The  mines  department  of  the  National  Badiuni  Institute  has  fur- 
thermore purchased,  under  the  cooperative  agreement  with  the  Bu- 
reau of  Mines,  about  300  tons  of  shipping  ore,  which  gave  a  limited 
market  to  the  individual  miner  at  a  time  when  the  European  war  had 
eliminated  all  other  purchasers.  The  concentration  method  as  demon- 
strated by  the  bureau  should  be  of  great  benefit  to  the  camotite  in- 
dustry, as  it  will  enable  the  miner  to  make  the  mining  of  ihis 
rare  ore  more  profitable.  He  necessarily  must  mine  a  large  amount  of 
low-grade  ore  at  the  same  time  that  shipping  ere  is  produced.  By 
concentration  this  waste  product  may  be  utilized,  tbe  output  of  radio- 
active ore  being  thus  largely  increased. 

The  bureau  has  also  obtained  for  investigation  over  100  tons  of 
low-grade  pitchblende  ore,  together  with  over  7  tons  of  hi^-grade 
pitchblende.  Most  of  this  ore  was  mined  at  Quartz  Hill,  Gilpin 
County,  near  Central  City,  Colo.,  and  has  been  kept  in  storage  in  Den- 
ver for  some  time.  The  poorer  ore  was  so  low  in  its  uranium  and  ra- 
dium content  that  it  could  not  be  chemically  treated  without  further 
concentration.  The  Colorado  School  of  Mines  at  Gk>Iden  offered  the  use 
of  its  mill  to  the  Bureau  of  Mines,  and  experiments  for  the  concentra- 
tion of  this  ore  have  been  conducted  there  with  the  apparatus  avail- 
able. Most  of  this  ore  was  exceedingly  low  grade,  consisting  chiefly 
of  iron  pyrite,  silica,  and  less  than  0.6  per  cent  UgOs  in  the  form  of 
pitchblende.  The  concentration  of  this  ore  has  been  successfully  ac- 
complished and  a  considerable  saving  has  been  made,  although  it  is 
hardly  feasible  to  treat  commercially  such  low-grade  ore.  On  the 
other  hand,  it  is  believed  that  more  careful  hand  sorting  of  this  low- 
grade  ore  would  yield  a  better  product  for  which  a  ready  market 
may  be  found. 

INVESTIGATIOir  OF  BABE  H ETALS  AND  THEIB  ALLOY& 

A  considerable  amount  of  work  was  also  done  during  the  fiscal  year 
1916  on  the  treatment  of  molybdenum-bearing  oresw    Molybdenum  is 
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a  metal  that  until  recently  has  been  mainly  used  in  the  chemical  in- 
dustriesy  but  its  use  as  an  alloy  for  special  types  of  steel  demands 
attention  also.  The  metallurgy  of  molybdenum  has  been  little  under- 
stood and  the  methods  used  have  been  expensive.  Two  types  of  .ore 
are  commonly  found  in  the  West,  namely,  molybdenite  or  molybde- 
num sulphide,  and  wulfenite  or  lead  molybdate.  The  former  fre- 
quently dirries  impurities,  mainly  copper,  which  must  be  separated 
&om  the  molybdenum  in  order  that  the  latter  can  be  sold.  Wulfe- 
nite contains  not  only  lead,  but  sometimes  gold,  vanadium,  and  other 
metals,  and  therefore  its  metallurgy  is  somewhat  complex,  as  any 
really  successful  method  should  obtain  all  of  the  valuable  substances 
present. 

General  problems  in  connection  with  uranium,  vanadium,  tungsten, 
molybdenum,  and  other  rare  metals  will  be  investigated,  particularly 
as  regards  the  ore  supply,  methods  of  concentration,  and  ore  treat- 
ment. It  has  already  been  pointed  out  that  a  small  quantity  of 
copper  in  molybdenum  ore  is  sufficient  to  prevent  the  sale  of  such 
ore,  and  the  same  thing  applies  to  certain  impurities  in  tungsten  ores. 
The  question  of  cheap  and  efficient  methods  for  the  elimination  of 
such  impurities  would  put  on  the  market  ore  that  at  present  can  not 
be  sold  to  advantage. 

Many  of  the  rare  metals  form  alloys,  both  among  themselves  and 
with  the  conmioner  metals,  and  the  alloys  have  a  great  commercial 
value.  For  example,  tungsten  when  added  to  steel  gives  to  the  steel 
certain  qualities  that  cause  the  product  to  be  in  great  demand  for 
the  manufacture  of  cutting  tools  for  lathes,  etc.  Becently  uranium 
has  been  successfully  substituted  for  a  large  part  of  the  tungsten  in 
tool  steel  to  the  seeming  improvement  of  the  product  and  it  is  re- 
ported that  uranium  steel  is  showing  remarkable  endurance  when 
used  for  the  liners  of  cannon.  Some  alloys  of  the  rare  metals  con- 
taining no  iron  at  all  have  shown  interesting  properties,  and  much 
research  in  regard  to  these  and  other  alloys  should  be  undertaken. 

The  bureau  contemplates  further  investigations  of  the  mining  and 
concentration  of  all  the  rarer  metals,  such  as  tungsten,  molybdenum, 
antimony  and  quicksilver,  in  order  to  utilize  ores  of  a  grade  that  has 
been  discarded  in  many  of  the  mining  districts  of  the  West.  The 
European  war,  which  has  cut  off  many  of  our  supplies  heretofore 
imx>orted,  has  aroused  much  interest  in  the  conservation  of  our  minor 
metal  resources.  The  development  and  application  of  processes  for 
saving  the  low-grade  rarer  minerals  offer  special  inducements,  and 
as  all  investigations  carried  on  are  made  especially  with  the  view  of 
preventing  waste  and  untilizing  low-grade  products,  this  work  should 
be  of  great  benefit  to  the  mining  industry. 

Many  mineral  specimens  have  been  sent  to  the  Bureau  of  Mines  for 
identification,  and  although  under  the  law  the  bureau  has  no  authority 


104  YEABBOOK  OF  THE  BUREAU  OF  MIKES — ^1916. 

to  make  analyses,  great  assistanoe  has  been  rendered  to  prospectors 
and  miners  by  simple  identificatioii  of  the  material.  Althougb 
most  of  the  specimens  sent  in  are  of  no  value,  it  can  be  stated 
that  a  nmnber  of  deposits  have  been  opened  as  a  result  of  the 
proper  identification  of  some  of  these  minerals,  and  the  results  have 
been  gratifying. 

STVIIIES  OF  VOHFEBBOXrS  AILOT& 

The  nonferrous-alloy  investigations  of  the  bureau  are  b6ing  con- 
ducted by  one  alloy  chemist  and  one  assistant  alloy  chemist  at  Cornell 
University,  Ithaca,  N.  Y.,  under  a  cooperative  agreement  with  the 
university  by  which  the  facilities  of  the  chemical  laboratories,  and 
in  particular  of  the  extremely  well-equipped  electric-furnace  labora- 
tory, are  available  for  the  bureau's  work. 

The  problem  under  investigation  concerns  mainly  the  metal  losses 
in  the  nonferrous-alloy  industry,  particularly  in  the  brass  industry. 
This  work  has  been  in  progress  nearly  four  years,  starting  with  a 
study  of  existing  methods  of  brass  melting  to  ascertain  the  metal 
losses,  fuel  consumption,  crucible  life,  etc.,  in  the  various  types  of 
fuel-fired  furnaces.  The  results  of  this  study  are  given  in  Bureau  of 
Mines  Bulletin  73.« 

From  the  point  of  view  of  the  theorist,  electric  melting  of  brass 
should  offer  marked  advantages  over  existing  methods,  mainly  in  the 
reduction  of  losses  of  zinc  from  alloys  high  in  zinc  content,  such  as 
yellow  brass,  manganese  bronze,  and  German  silver,  in  lessened 
danger  of  oxidation  in  the  melting  of  such  alloys  as  the  bronzes  and 
red  brasses,  and  in  the  possibility  of  replacing  the  present  method  of 
melting  in  crucibles  of  comparatively  small  capacity,  with  attendant 
high  labor  cost,  as  used  in  brass  rolling  mills,  by  a  method  capable 
of  using  much  larger  melting  units. 

The  correctness  of  the  theory  of  the  decreased  melting  losses  in 
electric  furnaces  of  suitable  types  has  been  established  by  a  long 
series  of  experiments  in  various  types  of  furnaces. 

DEVELOPMENT  OF  ELBGTEIO  BRASS-KELmrO  FimKAGS. 

a 

The  problem  then  became  one  of  finding  an  electric  furnace 
capable  of  reducing  the  metal  losses  and  giving  the  other  advan- 
tages of  electric  melting  with  such  a  high  consumpti(»i  of  electric 
power  as  to  make  its  commercial  operation  show  an  over-all  saving  in 
melting  cost.  Almost  any  electric  furnace- will  melt  brass.  Many 
types  will  reduce  zinc  losses,  though  some  will  not.  But  to  find  a 
furnace  that  combines  all  the  required  factors  of  mrtal  saving,  power 

mn^'^^^^^^^'^^^m^^^^'^^a^mm^^^a  11  MM  ■■■■  ■  ■■■■I  ■■■»■■  -I  ** 
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efficiency,  low  upkeep  cost,  reliability,  and  ge&eral  applicability  to 
the  needs  of  the  brass  indnstry  has  been  no  light  task. 

In  the  search  for  such  a  furnace  many  types  have  been  built  and 
operated  by  the  bureau  on  an  experimental  scale. 

Several  commercial  firms  have  made  tests  of  electric  brass  furnaces 
on  a  commercial  scale,  and  ahnost  every  one  of  these  firms  has  co- 
operated fuUy  with  the  bureau,  allowing  representatives  of  the  bureau 
to  attend  these  tests,  i^^either  the  laboratory  experiments  of  the 
bureau  nor  the  trials  by  private  parties  showed  much  promise  of 
commercial  success  until  the  fiscal  year  1916.  During  that  period, 
however,  two  different  types  of  electric  furnaces  tried  by  private  par- 
ties have  shown  promise.  One  of  these  types  is  fitted  only  for  use 
with  material  low  in  zinc,  and  its  margin  of  saving  over  present 
methods  is  somewhat  problematical  under  normal  conditions.  At 
the  present  price  of  crucibles  it  may  profitably  replace  crucible  fur- 
naces under  favorable  conditions. 

The  other  type  of  furnace  is  applicable  *to  alloys  high  in  zinc,  and 
although  so  far  tried  only  in  small  sizes  offers  great  promise  for 
certain  phases  of  tiie  brass  industry.  It  has  its  distinct  limitations, 
however. 

The  bureau  has  built  and  operated  on  a  laboratory  scale  a  third 
distinct  type  of  electric  furnace  which  has  shown  marked  prcmiise. 
This  furnace  prcxnises  to  meet  conditions  for  which  the  other  two 
types  are  not  well  suited. 

The  laboratory  furnace  developed  by  the  bureau  is  shown  in 
Plate  XII,  A.  The  furnace  rests  on  a  track  set  on  brick  piers. 
Below  the  furnace  track  is  another  track  on  which  a  buggy  runs  to 
carry  ingot  molds.  The  furnace  is  rocked  back  and  forth  by  the 
projecting  handles  shown.  Adjustable  electrodes  between  which  an 
electric  arc  is  formed  are  introduced  at  the  ends  of  the  furnace  along 
its  axis.  The  opening  shown  closed  by  the  clamp  in  Plate  XII,  A^ 
constitutes  a  combined  charging  door  and  pouring  spout. 

Arrangements  have  been  made  with  a  large  central  electric  power 
station  for  the  building  and  cooperative  testing  of  a  furnace  of  the 
type  worked  out  by  the  bureau.  The  bureau  is  keeping  in  close  touch 
with  the  progress  of  the  other  types  of  commercial  furnaces  and 
hopes  soon  to  be  able  to  publish  a  report  that  will  bring  out  the 
possibilities  and  limitations  of  electric  brass  melting.  It  seems 
almost  a  certainty  that  in  a  few  years  electric  brass  melting  will 
have  a  strong  foothold  in  the  brass  industry  and  that  the  electric 
furnace  will  prove  a  means  of  notably  decreasing  the  Nation's  loss 
of  metal  in  brass  melting,  which  in  nonnal  times  is  about  $8,000,000 
a  year  and  in  the  past  year  of  large  production  and  high  metal  prices 
has  probably  been  nearer  $10,000,000. 
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The  American  Institute  of  Metals  is  officially  cooperating  with  the 
bureau  in  its  work.     Great  interest  has  been  shown  in  the  electiic 
brass  furnace  work  by  brass 
founders,  rolling-null  men, 
end  electiic-power  compa- 


In  the  work  on  the  elec- 
tric brass  furnace  it  became 
necessary  to  measure  satis- 
factorily the  temperature  of 
'  the  molten  metal.  For  such 
service  a  pyrometer  that 
will  combine  accuracy,  long 
life,  and  speed  of  reading 
la  essential.  No  pyrometer 
on  the  market  is  fuUy  sat- 
isfactory for  this  purpose, 
but  in  the  bureau's  work 
one  was  devised  that  has 
given  good  service  for  lab- 
oratory use. 

Figure  6  shows  the  de- 
tails of  the  bureau's  pyrom- 
eter. The  protecting  tube 
consists  of  a  nickel  tube 
which  is  tipped  with  molyb- 
denum and  encased  in  a 
tube  made  of  silfrax 
(graphite  coated  with 
SiC),  as  ehown  in  the  fig- 
ure. The  thermocouple  con- 
sists of  a  platinum  element 
and  a  platinum  -  rhodium 
element  carried  in  Mar- 
THERMo-  quardt  porcelain  insulating 
COUPLE  tubing,  as  shown.  The 
graphite  and  molybdenum 
only  come  in  contact  with 
the  molten  metal,  and  neither  is  attacked  by  it.  The  nickel  tube  re- 
sists oxidation.  The  small  molybdenum  tip  heats  up  quickly,  the  lag 
of  the  device  averaging  50  seconds  in  metal  at  1200°  C.  with  the  tip 
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oold  at  the  start  Other  nickel  tubes  are  threaded  into  the  lower  one 
to  give  a  tube  3  or  4  feet  long,  and  the  outer  end  is  fitted  with  any 
suitable  handle. 

Temperature  control  is  of  vital  interest  to  the  brass  founder  and 
to  the  rolling-mill  operator,  as  on  the  temperature  rests  not  only  the 
quality  of  the  goods  produced,  but  also  to  a  greater  or  less  degree,  the 
metal  losses,  fuel  consumption,  etc.  The  bureau  has,  therefore, 
taken  up  the  problem  of  finding  a  pyrometer  for  use  in  molten  brass 
and  bronze  which  will  not  only  serve  the  requirements  of  the  labora- 
tory but  also  the  needs  of  the  foundry  and  the  rolling  mill.  This 
problem  seems  now  to  be  in  a  fair  way  to  satisfactory  solution. 

HELTINO  OP  ALUMINTJM  CHIPS. 

Another  problem  dealing  with  metal  losses  in  nonferrous  alloys 
has  been  a  study  of  methods  of  melting  aluminum  chips  such  as  are 
produced  in  the  machining  of  the  aluminum  alloys  used  in  motor- 
car construcGon. 

These  fine  chips  are  hard  to  remelt  without  excessive  loss,  a  40  per 
cent  loss  being  not  uncommon.  This  loss  costs  the  Nation  in  normal 
times  about  $200,000,  and  in  the  past  year,  on  account  of  the  extraor- 
dinarily high  price  of  aluminiun,  has  probably  been  nearer  $600,000. 

Several  refiners  have  been  able  to  get  a  recovery  of  85  to  90  per 
cent  of  the  metal  content  of  the  chips,  but  knowledge  of  the  neces- 
sary details  of  the  methods  has  been  confined  to  a  very  few.  The 
bureau  has  studied  the  various  methods  in  detail,  with  the  coopera- 
tion of  several  prominent  refiners,  and  the  results  of  the  work,  pub- 
lished in  Bulletin  108,<*  will,  it  is  believed,  inform  anyone  having  to 
deal  with  this  problem  how  to  procure  high  recoveries  and  avoid 
excessive  loss. 

An  interesting  point  in  this  work  was  the  establishing  by  a  series 
of  experiments  that  the  reason  commonly  accepted  for  the  difficulty 
of  melting  aluminum  chips  without  high  losses — oxidation  of  the 
metal  within  the  furnace — ^is  probably  far  from  being  the  main 
reason.  The  main  cause  of  trouble  seems  to  be  the  lack  of  ready 
coalescence  of  the  metallic  globules,  which  means  that  the  problem 
is  one  of  colloid  chemistry  applied  to  metals. 

The  cooperation  of  Prof.  W.  D.  Bancroft  of  Cornell,  an  authority 
on  colloid  chemistry,  was  of  great  value  in  the  work  on  this  problem. 

PB0DTXCTI017  OP  PEB&O-TmANITJH. 

Another  problem,  allotted  to  the  Ithaca  laboratory  because  of  its 
facilities  for  electric-furnace  work,  is  the  study  of  the  production  of 

•Gillett*  H.  W.,  and  James,  G.  M.,  Melting  aluminum  chips:  Bull.  108,  Bureau  of 
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ferro-uranium.  Uranium  oxide  having  been  produced  as  a  by-prod- 
uct in  the  radium  co(^>erative  woris  of  the  bureau  and  the  National 
Radium  Institute,  the  best  method  for  the  utilization  of  this  uranium 
was  sought. 

It  is  understood  that  uranium  steel  has  reoraitly  found  use  abroad 
in  gun  liners,  although  chemical  and  metallurgicid  literature  is  sin- 
gularly barren  of  information  on  the  subject.  The  results  of  the  in- 
vestigations undertaken  by  the  Bureau  of  Mines  are  to  be  published 
as  a  technical  paper.^ 

CEEAmC  BEBEAECH. 

COMMEBCIAIi  BEFININa  OF  aEOBOIA  KAOLIN. 

During  the  past  fiscal  year  the  bureau  has  devoted  its  attention 
to  only  one  ceramic  problem,  the  commercial  refining  and  use  of  the 
kaolins  of  Georgia  by  the  control  of  the  colloidal  material  in  them, 
and  the  utilization  of  the  prepared  clay  in  the  manufacture  of 
vitreous  china  and  wall  tile. 

Notwithstanding  the  fact  that  this  country  possesses  enormous 
deposits  of  secondary  kaolins,  especially  in  Georgia  and  in  South 
Carolina,  this  material  has  not  been  considered  available  for  the 
manufacture  of  white  ware,  and  our  ceramic  industries  have  been 
dependent  on  imported  china  clay.  For  the  five  years  previous  to 
1915  the  annual  imports  of  English  china  clay  from  Europe  were  in 
excess  of  250,000  tons,  at  an  average  cost  of  $6  per  ton. 

The  question,  "  Why  can  not  American  kaolins  be  substituted  for 
English  china  clay? ''  has  been  frequently  asked  and  more  often  since 
the  beginning  of  the  present  European  war,  which  has  threatened 
to  cut  off  the  supply  of  clays  imported  from  Europe.  The  answer  to 
this  question  has  invariably  been  that  the  domestic  kaolins  are  not 
so  pure  and  uniform  in  composition  as  the  imported  clays. 

The  demand  for  white-burning  American  clays  is  of  such  economic 
importance  that  it  was  considered  desirable  to  determine  whether 
some  of  our  vast  deposits  of  impure  white  clays  could  not  be  refined 
sufficiently  to  permit  their  being  substituted  for  the  foreign  materials. 

The  mechanical  methods  of  refinement  used  hitherto  have  not 
yielded  products  of  the  desired  degree  of  purity  and  uniformity. 
It  was  decided,  therefore,  to  attack  the  problem  with  the  methods 
of  colloid  chemistry. 

It  is  well  known  that  the  addition  of  small  amounts  of  alkalies 
to  clay-and-water  systems  has  a  deflocculating  action;  that  is,  it 
effects  a  disintegration  of  the  clay  grains,  or  increases  the  dispersion 
of  the  system.    The  amount  of  clay  held  in  suspension  is  increased 

«  OiUett,  H.  W.»  and  Hack,  B.  L.,  Preparation  of  ferro-uranlam :  Tech.  Paper  177,  Bureau 
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and  the  TiBco&ty  of  the  ^tem  is  correspondingly  decreased.  Acids 
and  salts  have  an  opposite  effect,  causing  an  increase  in  the  viscosity 
of  the  system  and  a  floccnlation  and  rapid  settling  of  the  clay  par- 
ticles. The  fact  that  alkalies  when  added  to  clay-and-water  systems 
cause  deflooculation  may  be  applied  to  the  purification  of  Georgia 
clays.  The  impurities  in  the  kaolins  are  coated  with  clay,  so  that  it  is 
impossible  to  settle  out  the  impurities  without  a  great  loss  of  clay. 
When  the  day-and-water  system  is  dispersed,  as  by  the  addition  of 
an  alkali,  the  impurities  are  free  to  settle  out. 

Investigations  of  methods  of  refining  secondary  kaolins  were  con- 
ducted in  the  Washington  laboratory  of  the  bureau  in  1918-14.  It 
was  found  that  by  thoroughly  deflocculating  kaolin  from  the  Dry 
Branch  district  of  Greorgia,  with  a  small-measured  quantity  of  caus- 
tic soda,  the  impurities  could  be  settled  out  with  great  ease.  The 
product  showed  considerable  improvement  in  color  when  made  into 
hard  fire-glazed  porcelain  bodies. 

In  order  to  determine  whether  some  practical  method  of  refining 
the  secondary  kaolins  of  Georgia  on  a  commercial  scale  could  be 
devised,  the  Bureau  of  Mines  arranged  a  cooperative  agreement  with 
the  Georgia  Kaolin  Co.,  of  Dry  Branch,  Ga.,  covering  investiga- 
tional work,  which  was  begun  in  March,  1915.  The  effect  of  addi- 
tions of  different  amounts  of  various  alkalies,  acids,  and  salts  on 
Georgia  kaolin  suspensions  was  studied,  the  change  in  the  viscosity 
of  the  system  being  taken  as  a  measure  of  the  effect  of  the  electrolyte 
added.  The  electrolytes  used  included  hydrochloric,  sulphuric,  and 
acetic  acids,  alum,  caustic  soda,  sodium  carbonate,  and  sodium  sili- 
cate. 

FACTORS  SrUDIED. 

The  investigation  included  a  study  of  the  factors  affecting  both  the 
initial  and  the  minimum  viscosity,  such  as  predrying  and  blunging, 
under  the  conditions  of  a  commercial  plant  It  was  found  that 
caustic  soda  caused  the  greatest  drop  in  viscosity  of  any  of  the  re- 
agents used.  Of  the  coagulating  agents  tested,  hydrochloric  acid 
proved  to  have  the  strongest  action,  being  slightly  greater  in  its 
effect  than  sulphuric  acid. 

PROCEDURE  IN  INVESTIGATION. 

In  order  to  insure  the  successful  operation  of  the  refining  process 
developed,  suitable  equipment  for  the  refining  of  50  tons  of  crude 
kaolin  was  installed  at  an  operating  mine  in  the  heart  of  the  Georgia 
clay  field.  The  refining  process  was  carried  on  under  the  same  con- 
ditions that  would  have  prevailed  if  the  ordinary  clay  miner  had 
been  using  the  process.    The  refined  white  product  obtained  was  sent 
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to  a  number  of  the  most  prominent  users  of  such  clay,  and  was  found 
to  possess  properties  so  different  from  those  of  the  crude  kaolin  that 
an  additional  investigation  was  necessary  to  insure  the  suocessful 
utilization  of  the  refined  product 

With  this  object  in  view  an  experienced  ceramic  engineer  was  sent 
to  two  pottery  works  where  the  refined  kaolin  had  been  shipped ;  mix- 
tures were  made  that  yielded  products  of  a  quality  equal  or  supe- 
rior to  those  made  from  imported  material.  Two  private  ccnnmercial 
plants  are' now  being  equipped  for  the  refining  of  Georgia  kaolins  by 
this  process. 

Whether  the  work  already  done  by  the  Bureau  of  Mines  will  suffice 
to  demonstrate  how  this  process  may  be  applied  conunercially  to  all 
the  clays  in  the  South  Carolina  and  Georgia  district  is  a  matter  of 
speculation.  Doubtless  some  of  the  crude  clays  in  that  district 
will  not  respond  to  this  treatment.  In  fact,  some  are  known, 
but  the  bureau  would  hardly  be  justified  in  undertaking  a  special 
investigation  to  cover  their  commercial  purification  until  the  extent 
of  their  occurrence  is  established.  However,  preliminary  work  has 
been  conducted  so  that  as  soon  as  such  proof  is  furnished,  the  work  of 
practical  adaptation  of  the  process  to  these  special  clays  may  be 
effected  with  the  least  possible  delay. 

STOHE-QTTABBT  HrVESTIGATIOHS. 

PT7BP0SE  OF  THE  INVESTIGATIONS. 

In  1914  a  cooperative  agreement  was  entered  into  between  the 
United  States  Geological  Survey,  the  Bureau  of  Standards,  and  the 
Bureau  of  Mines  for  a  study  of  the  stone-quarrying  industry  of  the 
country.  The  work  undertaken  by  the  Bureau  of  Mines  had  for  its 
chief  objects  the  promotion  of  safety  and  efficiency,  and  the  elimina- 
tion of  waste  in  the  industry,  as  well  as  a  study  of  the  technologic 
methods  used  and  the  problems  involved. 

IMPOBTANGE  07  THE  QUARRY  INDUBTBT. 

There  are  approximately  3,000  quarries  in  active  operation  in  the 
United  States,  employing  in  all  iJ)put  100,000  men.  Quarrying  is, 
therefore,  an  industry  of  considerable  magnitude.  One  can  scarcely 
overestimate  the  importance  of  quarry  products  in  the  Nation's  life 
and  work. 

Quarries  supply,  in  the  form  of  building  stone,  the  most  permanent 
and  attractive  of  all  structural  materials.  When  this  fact  is  appre- 
ciated more  fully  by  architects  and  builders,  natural  stone  will  replace 
much  of  the  cheap  and  temporary  material  of  which  many  buildings 
are  now  constructed,  and  as  a  result  buildings  will  have  greater 
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beauty  and  permanence,  and  the  ultimate  cost  will  be  less  than  where 
cheaper  materials  are  employed.  For  interior  decoration  natural 
stone  excels  all  other  materials  in  color  effect  and  in  capability  of 
being  shaped  into  artistic  designs.  For  monuments  or  sculpture 
nothing  can  take  its  place.  For  the  production  of  Portland  cement, 
which  is  now  indispensable  in  many  lines  of  industry,  millions  of 
tons  of  rock  are  quarried  annually.  Street  and  road  construction,  for 
which  millions  of  dollars  are  spent  every  year,  depend  to  a  great 
extent  upon  quarry  products,  both  for  crushed  stone  and  for  cement. 
The  production  of  lime,  ground  limestone,  and  gypsum  for  soil 
amendment,  and  limestone  for  blast-furnace  flux,  is  continually  in- 
creasing in  magnitude. 

It  is  evident,  therefore,  that  in  attempting  to  safeguard  the  lives 
and  health  of  quarry  workers  and  to  promote  the  highest  efficiency 
and  economy  in  the  quarry  industry,  the  Bureau  of  Mines  has  initi- 
ated a  movement  that  directly  benefits  a  great  group  of  industries 
and  a  vast  multitude  of  individuals  and  that  indirectly  benefits  many 
more. 

During  the  fiscal  year  two  reports  on  stone  quarrying  were  pub- 
lished by  the  bureau. 

ACCIDENT  PBEVENTION  TTBGED. 

The  first  publication,  "  Safety  in  Stone  Quarrying,'' «  appeared  in 
September,  1915.  Its  purpose  was  to  point  out  to  the  stoneworkers 
of  the  country  the  chief  sources  of  danger,  particularly  in  the  mar- 
ble-quarrying industry,  and  to  emphasize  ways  and  means  of  mate- 
rially reducing  the  number  of  casualties.  T^e  death  rate  due  to  acci- 
dents among  quarrymen  for  the  year  1913  was  1.72  per  1,000,  which  is 
higher  than  in  most  European  countries  for  which  records  are  avail- 
able. 

In  studying  the  causes  of  accidents  it  was  found  that  they  could  be 
grouped  in  three  main  classes.  In  the  first  class  are  the  many  acci- 
dents from  faulty  equipment.  In  this  class  may  be  placed  boiler 
explosions,  falls  of  derricks,  and  accidents  due  to  insufficiently  pro- 
tected rotating  machinery,  electric  wires,  and  quarry  stairs  and 
ladders.  A  second  cause  of  accidents  is  f  aultv  methods,  such  as  im- 
proper  handling,  loading,  and  firing  of  explosives,  and  dangerous 
methods  of  handling  rock  or  overburden.  The.third  group  comprises 
accidents  that  result  from  carelessness  on  the  part  of  employers  and 
employees.  The  report  has  received  favorable  comment  from  quarry 
operators,  and  the  bureau  has  received  requests  for  many  extra  copies 
to  be  distributed  among  quarry  superintendents. 

•Bowles,  Oliver.  Safety  in  stone  quarrying:  Tech.  Paper  111,  Bureau  of  Mines,  1015, 
48  pp.,  5  pis.,  A  flsB. 
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IWE8TIOATI0N  OV  UfARBT.i;  QUASBTIKO. 

A  second  publication,  "The  Technology  of  Marble  Quarrying,''* 
was  issued  in  March,  1916.  At  the  time  this  was  the  only  publication 
in  the  English  language  that  took  up  a  specific  branch  of  the  quarry- 
ing industry  and  dealt  with  it  exhaustively. 

IMPROVED  METHODS  RECOMMENDED. 

An  important  feature  of  this  report  is  the  emphasis  placed  upon 
the  influence  that  rock  structures  should  have  upcm  quarry  methods. 
This  consideration  has  been  generally  overlooked  by  quarry  oper- 
ators, with  consequent  heavy  but  preventable  losses.  For  example, 
in  quarries  having  inclined  open-bed  planes  that  make  the  main- 
tenance of  level  floors  impossible,  it  has  been  enst(Hnary  to  construct 
supports  in  order  that  channeling  machines  may  be  operated  on  level 
tracks.  Some  of  the  more  progressive  companies  have  recently  oper- 
ated channeling  machines  on  inclined  tracks  placed  flat  on  the  slant- 
ing quarry  floor,  without  costly  supports.  A  "  balance  car  *'  overccmies 
the  effect  of  gravity.  This  improved  method,  as  shown  by  careful 
records,  has  resulted  in  a  60  per  cent  increase  in  efficiency  in  certain 
quarries  of  this  type. 

Other  structures  that  influence  quarry  methods  are  "joints"  or 
cracks  which  commonly  intersect  marble  deposits  in  two  directions, 
approximately  at  right  angles.  If  marble  blocks  are  intersected  by 
such  seams,  their  value  is  greatly  impaired,  and  consequently  an 
effort  is  always  made  to  quarry  sound  blocks.  Many  quarrymen  have 
taken  no  pains  to  determine  the  compass  direction  of  the  major  joints, 
and  consequently  the  channel  cuts  cc^nmonly  cross  them  at  oblique 
angles,  and  thus  many  blocks  are  unnecessarily  marred  by  seam& 
The  bureau  has  emphasized  the  fact  that  in  the  i^rocesses  of  channel- 
ing or  wedging  out  blocks  the  cuts  should  be  made  parallel  with  and 
at  right  angles  to  the  joints.  The  advantage  of  such  a  method  is 
shown  in  figure  7.  It  may  be  readily  seen  that  when  dianneling  is 
properly  conducted,  as  indicated  at  B  in  the  figure,  most  of  the  joints 
can  be  eliminated  entirely  and  blocks  of  sound  marble  obtained. 

REDUCTION  AND  UTILIZATION  Or  WASTE. 

The  problem  of  waste  has  received  special  notice.  The  presence  of 
vast  piles  of  waste  marble  at  many  quarries  indicate  the  two  im- 
portant phases  of  the  problem:  First,  the  desirability  of  reducing 
waste  by  introducing  improved  quarry  methods,  and,  second,  the  need 
of  utilizing  accumulations  of  waste  material.  The  bureau  has  shown 
that  the  proportion  of  waste  may  be  reduced  by  intelligent  prospect- 
ing and  by  separating  blocks  in  accordance  with  rock  structures. 

•Bowles,  Oliver.  The  technology  of  marble  qaarrytng:  BuU.  106,  Bttrean  of  Mlnw, 
1016,  174  pp.,  12  pis.,  88  figs. 
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Blocks  containing  imperfections  may  be  employed  for  riprap,  road 
building,  lime  burning,  soil  amendment,  furnace  flux,  rubble,  and 
various  other  uses. 


FiouBB  7.— The  economy  of  channeling  in  accordance  with  Joint  Bystems.  A,  Plan  of 
channeling  without  reference  to  the  direction  or  spacing  of  the  Joints,  invoWing  great 
waste  of  marble  blocks ;  B,  plan  of  channeling  in  which  channel  cuts  are  made  parallel 
with  and,  as  far  as  possible,  coincident  with  Joints,  avoiding  waste  of  blocks. 

REDUCTION  OF  LOSSES  DUE  TO  "  STRAIN  BREAKS." 

An  important  feature  of  the  report  is  a  detailed  record  of  a  suc- 
cessful method  of  reducing  the  excessive  loss  due  to  '^  strain  breaks '' 

S7068*— Bull.  141—17 8 
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in  marble  quarries.  The  rock  in  many  quarries  is  under  compres- 
sion, and  as  the  compressive  strain  is  relieved  locally  in  quarrying, 
the  partly  severed  blocks  break  into  irregular  masses^  the  fractures 
often  being  accompanied  by  loud  reports.  A  method  of  avoiding  the 
excessive  waste  due  to  the  production  of  these  irregular  fragments  is 
described.  It  is  advised  that  rows  of  deep,  closely  spaced,  vertical 
drill  holes  be  projected  in  a  line  across  the  quarry  in  such  a  manner 
that  the  rock  may  expand  and  partly  close  the  drill  holes,  thus  giving 
relief  from  strain  without  the  destructive  fracturing.  One  Tennessee 
marble  company  has  already  tried  this  method,  and  has  thereby 
greatly  reduced  the  proportion  of  waste  marble,  and  thus  effected  a 
saving  of  several  thousand  dollars.  It  is  believed  that  several  val- 
uable'quarries  that  have  during  recent  years  been  abandoned  on 
account  of  excessive  strain  breaks  could  be  reopened  and  worked 
profitably  if  the  methods  proposed  in  Bulletin  106  were  adopted. 

IMPOBTANCE  OF  KEEPING  COST  RECORDS. 

The  report  puts  stress  on  the  fact  that  waste  reduction  and  effi- 
ciency of  operation  can  not  be  achieved  if  definite  cost  data  are  not 
kept.  The  point  is  emphasized  that  the  majority  of  quarrymen  fail 
to  keep  definite  cost  records,  and  as  a  result  they  are  unable  to 
properly  judge  the  efficiency  of  methods  and  machines.  The  intro- 
duction of  more  modem  methods  of  quarrying  is  therefore  fre- 
quently discouraged  by  the  inability  of  the  operator  to  test  their 
efficiency.  To  facilitate  the  keeping  of  technical  records  a  complete 
system  of  marble-quarry  accounting  is  given. 

SANDSTONE  QITABBIES  EZAMINBP. 

During  the  summer  of  1915  a  study  of  sandstone  quarrying  was 
begun.  About  66  sandstone  quarries  were  visited  by  the  bureau's 
quarry  technologist,  and  investigations  were  made  of  all  phases  of 
the  industry.  A  special  study  was  made  of  the  physical  proper^es 
and  imperfections  of  sandstone  and  their  effect  on  quarry  operations. 
Methods  of  quarrying  bluestone  and  ganister  were  also  observed. 

It  is  worthy  of  note  that  these  investigations  disclosed  a  condition 
of  excessive  waste  in  many  sandstone  regions,  the  proportion  of  waste 
in  some  instances  reaching  75  per  cent  of  the  gross  production.  The 
gravity  of  this  condition  is  intensified  by  the  limited  number  of  uses 
for  which  waste  sandstone  may  be  employed.  The  imperative  need 
and  the  means  of  so  improving  quarry  methods  that  the  proportion 
of  waste  may  be  greatly  reduced  are  emphasized.    A  study  of  the 
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cause  and  prevention  of  accidents  was  conducted  in  conjunction  with 
the  efficiency  and  waste  investigations.  The  result  of  the  studies  and 
observaticms  made  are  embodied  in  a  report* 

OTHSB  HESEARCHES  BEGXTN. 

During  the  latter  part  of  the  fiscal  year  similar  investigations  were 
begun  at  the  fluidng-limestone  quarries  in  the  vicinity  of  Buffalo, 
N.  Y.,  and  the  cement-rock  quarries  of  eastern  Pennsylvania  and 
northern  New  Jersey.  Observations  at  the  small  number  of  quarries 
already  visited  indicate  that  the  problems  involved  in  the 'quarry- 
ing of  these  types  of  stone  demand  careful  study,  and  that  a  detailed 
discussion  of  quarry  methods,  particularly  those  relating  to  blasting, 
would  be  of  material  benefit  to  the  industry. 

•Bowles,  Oliver,  Sftndston*  qamxrfiag  In  tlie  United  States:  BoU.  124,  Bvreau  of 
MiBM,  1917,  149  pp. 
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IMPOETAirCE  OF  PETBOLETTH  PBODVCTS. 

The  average  person  fails  to  realize  the  importance  of  petroleum 
and  its  products  in  the  ordinary  routine  of  the  world's  work,  yet 
every  man,  woman,  and  child  in  America  is  dependent  in  scmie  meas- 
ure upon  petroleum  and  natural  gas.  There  is  scarcely  a  phase  of 
our  national  life  in  which  we  do  not  find  petroleum  products  used— 
they  drive  our  battleships,  deliver  our  merchandise,  pull  our  trains, 
heal  our  wounds^  color  our  garments,  smelt  our  ores,  carry  our  mails, 
cook  our  meals,  and  increase  our  knowledge  of  the  outdoor  world. 
They  illuminate  the  magazine  we  read  and  the  book  we  study ;  they 
carry  us  home  from  the  office,  and  make  chewing  gum  for  the 
children. 

Every  industry  makes  some  use  of  petroleum  or  its  products,  and 
to  list  all  of  the  uses  would  not  be  feasible  here.  It  is  sufficient  to 
say  that  petroleum  is  essential  to  the  commercial  development  of  the 
country,  and  that  if  our  supply  were  cut  off  to-day,  our  industrial 
progress  would  be  brought  almost  to  a  standstill.  It  has  been  said 
that  when  petroleum  is  gone,  electricity  will  take  its  place,  but, 
although  electricity  will  furnish  power  for  our  industries  and  lights 
for  our  homes,  it  will  not  lubricate  even  the  machinery  needed  for 
its  own  generation. 

The  Navy  is  dependent  on  the  petroleum  industry  not  only  for 
lubricating  oils  but  to  an  increasing  extent  for  fuel.  Battleships  that 
use  oil  as  a  fuel  can  carry  larger  armaments,  and  have  a  greater 
range  of  action  than  those  that  use  coal.  Petroleum  is  thus  vital  to 
our  national  defense  and  perhaps  to  our  national  existence. 

LIMITATIONS  OP  StTPPLT  OP  PETBOLETTK. 

What  shall  we  do  when  our  supplies  beccnne  depleted  ?  Although 
this  country  has  large  known  reserves  of  petroleum,  these  supplies 
are  limited.  At  our  present  rate  of  consumption  our  estimated  sup- 
plies are  sufficient  to  meet  our  present  needs  for  a  comparatively 
short  period,  conservatively  estimated  to  be  from  25  to  80  years, 
taking  no  account  of  the  increasing  demand  for  petroleum  and  its 
products.  This  estimate  not  only  includes  the  oil  fields  already 
known  and  developed,  but  makes  liberal  allowances  for  undiscovered 
fields  in  prospective  oil  territories.  It  should  not  be  thought  that 
our  petroleum  supply  at  the  end  of  that  period  will  be  cut  off  abruptly, 
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for  the  wells  will  continue  to  produce  through  a  declining  output 
for  many  years.  On  the  other  hand,  the  shortage  of  petroleum  is 
beginning  to  be  felt  now.  A  good  measure  of  the  accuracy  of  these 
estimates,  whidi  were  made  more  than  a  year  ago  by  the  Department 
of  the  Interior,  is  the  result  of  the  search  for  oil  the  past  year, 
Owing  to  the  demand  for  crude  oil,  more  territory  was  prospected 
and  more  wells  were  drilled  in  search  of  petroleum  in  the  Mid- 
Continent  field  than  in  any  previous  year.  During  the  year  1916 
there  were  approximately  15,000  wells  drilled  in  that  field,  as  com- 
pared with  6,000  wells  drilled  in  1915,  yet  the  production  to-day  will 
not  equal  that  of  two  years  ago,  in  1915,  nor  have  any  large  new  oil 
fields  been  developed. 

What  effort  have  we  made  to  conserve  this  supply  and  to  utilize 
it  to  its  greatest  advantage?  We  have  made  little  effort  until  very 
recently  to  do  these  things.  We  have  been  wasteful,  careless,  and 
recklessly  ignorant.  We  have  abandoned  oil  fields  while  a  large 
part  of  the  oil  was  still  in  the  groimd.  We  have  allowed  tremendous 
quantities  of  gas  to  waste  in  the  air.  We  have  let  water  into  the 
oil  sands,  ruining  areas  that  should  have  produced  hundreds  of 
thousands  of  barrels  of  oil.  We  lacked  the  knowledge  to  properly 
produce  one  needed  product  without  overproducing  products  for 
which  we  have  little  need.  We  have  used  the  most  valuable  parts 
of  the  oil  for  purposes  to  which  the  cheapest  should  have  been  de- 
voted. For  many  years  the  gasoline  fractions  were  practically  a 
waste  product  during  our  quest  for  kerosene;  with  the  development 
of  the  internal-combustion  engine  the  kerosene  is  now  almost  a 
waste  product  in  our  strenuous  efforts  to  increase  the  yield  of  lighter 
distillates. 

This  country  is  producing  about  two-thirds  of  the  world's  output  of 
crude  petroleum  and  has  produced  approximately  2,750,000,000  bar- 
rels since  the  drilling  of  the  first  oil  well  by  Col.  Drake  in  1859.  Our 
future  supply  from  both  proved  and  prospective  oil  fields,  based 
on  geological  possibilities,  is  estimated  to  be  approximately  7,402,- 
000,000  barrels,  which  will  last  us  only  about  25  years  at  our  present 
rate  of  consumption.  We  are  exporting  20  per  cent  of  our  produc- 
tion, using  approximately  25  per  cent  as  fuel  under  boilers,  and  of 
the  remainder  probably  one-fourth  is  wastefully  utilized.  Thus  70 
per  cent  in  all  is  being  used  in  a  manner  that  must  be  considered 
anything  but  conservative  for  so  valuable  and  so  scarce  a  product. 

As  an  sample  of  wasteful  utilization,  a  large  proportion  of  our 
artificial  gas  is  made  from  petroleum,  notwithstanding  the  fact  that 
coal  has  been  and  is  used  for  this  purpose,  and  would  be  used  alto- 
gether except  for  the  reason  that  the  gas  manufacturer  is  able  to  buy 
petroleum  cheaper.  At  the  present  rate  of  production  it  is  estimated 
that  our  coal  supply  is  adequate  for  many  centuries.     Clearly  we 
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should  not  use  our  petroleiun  for  fuel  under  boilers  or  for  gas  manu- 
facture, or  in  any  way  to  compete  with  coal,  when  the  oil  supply  is 
so  limited. 

OBOWDTO  COHBUXFTIOV  OF  OA80LDR. 

Oasollne  is  indispensable  to  our  present  industrial  progress. 
At  the  present  time  there  is  a  greater  demand  for  gasoline 
than  for  kerosene,  fuel  oil,  or  any  of  the  other  petroleum  prod- 
ifcts.  There  are  now  over  3,500,000  automobiles  in  use  in  the  United 
States.  The  manufacturers  are  turning  out  approximately  1,500,000 
new  machines  this  year,  and  expect  to  increase  the  number  each  suc- 
ceeding year.  The  average  consumption  for  each  automobile  is  more 
than  10  barrels  of  gasoline  a  year,  and  it  is  estimated  that  this 
country  will  need  more  than  2,000,000,000  gallons  of  gasoline  for  the 
year  1917.    Where  is  this  gasoline  coming  from  ? 

HETEOBS  OF  FEOBTTCHSrO  GASOIIHE. 

The  situation  can  be  partly  met  by  converting  some  of  the  less 
valuable  produdts  of  crude  oil  into  gasoline.  The  Bureau  of  Mines 
early  realized  the  importance  of  this  conversion  and  during  the  year 
1915  one  of  its  chemical  engineers.  Dr.  Walter  F.  Bittman,  discovered 
a  ^^  cracking  "  process  by  which  gasoline,  as  well  as  bensene,  toluene, 
and  other  desirable  products  can  be  made  from  kerosene  and  other 
crude  oil  distillates.  Other  cracking  processes  have  been  invented 
but  they  have  been  privately  owned  and  not  readily  available  to  the 
small  refiner.  The  Bureau  of  Mines  hopes  to  make  the  Bittman 
process  available  to  every  user. 

It  is  estimated  that  during  1915,  2,000,000  barrels  of  gascdine  was 
made  by  cracking  processes,  Bome  refineries  obtaining  as  high  as  35 
per  cent  of  gasoline  from  some  oils.  During  the  year  1916  it  is  esti- 
mated that  6,000,000  barrels  of  gasolme  will  be  manufacturered  by 
cracking  lower  grade  products.  This  output  is  all  the  more  striking 
when  it  is  considered  that  these  6,000,000  barrds  will  be  made  from 
oils  that  in  the  past  did  not  enter  into  the  making  of  gasolme. 

The  Bureau  of  Mines  has  for  a  number  of  years  realised  the  im- 
portance of  taking  steps  to  introduce  methods  by  which  wells  may 
be  drilled  more  economically  and  with  less  waste  of  oil  and  gas  to 
increase  the  amount  of  oil  that  may  be  extracted  from  an  ordinary 
formation,  and  above  all  to  conduct  investigaticms  that  will  bring 
about  a  greater  efficiency  in  the  utilizaticHi  of  this  precioas  com- 
modity.  To  carry  on  work  along  these  lines  the  petroleum  division 
of  the  Bureau  of  Mines  was  organized,  and  up  to  July  1, 1916,  had 
spent  about  $100,000  in  this  work.  The  manner  in  which  this  money 
has  been  expended  and  the  resulting  benefits  to  the  public  form  an 
interesting  study  for  anyone  interested  in  the  petroleum  industry. 
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OBOABIZATIOH  ASD  WOBK  OF  THE  PEIBOLEUK  DIVISION. 

The  petroleum  division  of  the  Bureau  of  Mines  is  divided  into  four 
sections,  as  follows:  (1)  Cooperative  and  administrative  work,  (2) 
production  technol(^y,  (3)  engineering  technology,  and  (4)  chemical 
technology.  The  cooperative  and  administrative  section  supervises 
the  work  of  the  division,  conducts  its  correspondence,  and  carries  on 
work  in  cooperation  with  other  governmental  agencies. 

The  section  of  production  technology  conducts  investigations  with 
a  view  to  increasing  the  proportion  of  petroleum  and  gas  recovered 
from  the  earth  and  carries  on  studies  regarding  the  exclusion  of 
water  from  the  oil  sands  and  the  prevention  of  other  underground 
wastes.  The  section  also  investigates  current  oil-field  practices 
throughout  the  country  with  a  view  to  the  more  general  adoption  of 
the  most  efficient  and  economical  methods  of  producing  the  oil  and 
caring  for  it.  Men  with  long  practical  experience  in  drilling  and 
caring  for  oil  properties  are  held  ready  to  advise  oil  operators  who 
desire  expert  opinion  as  to  the  best  methods  to  be  used  in  solving  any 
difficult  problem. 

The  section  of  engineering  technology  conducts  investigations  as 
to  the  design,  construction,  and  operation  of  pipe  lines,  storage  tanks, 
earthen  reservoirs,  and  similar  problems  ccxmected  with  the  engineer- 
ing side  of  the  petroleum  industry.  A  special  study  has  been  made  of 
steel  storage  tanks  and  of  the  loss  of  oil  in  storage,  including  both 
losses  by  evaporation  and  losses  by  fire.  Also,  the  section  has  studied 
in  detail  the  manufacture  of  gasoline  from  natural  gas. 

The  section  of  chemical  technology  studies  methods  and  practices 
for  refining  and  treating  petroleum  and  its  products  and  is  the 
section  in  which  the  Sittman  process  was  developed.  This  section 
carries  on  research  work  in  connection  with  the  refining  and  testing 
of  petroleum,  and  is  working  on  the  study  of  the  processes  for  deriv- 
ing oil  from  shales  with  a  view  to  determining  the  future  economic 
possibility  of  the  oil-shale  industry.  This  is  a  large  and  important 
field  of  work,  and  it  is  expected  in  the  future  to  materially  assist  in 
introducing  new  practices  in  refining  that  will,  to  a  certain  extent, 
aid  in  the  efficient  utilization  of  our  petroleum. 

COOPERATIVE  ANB  ABMINISTSATIVB  WO&X. 

The  purposes  of  the  petroleum  division  have  been  three:  First  to 
place  before  the  public  the  significance  of  the  ti'emendous  waste  of 
oil  and  gas  and  if  possible  to  cooperate  with  State  legislative  bodies 
and  Federal  bureaus  to  reduce  and  to  prevent  excessive  wastes  of  oil 
and  gas;  second,  to  carry  on  investigations  whereby  a  greater  per- 
centage of  the  oil  may  be  extracted  from  the  sands;  and,  third,  to 
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place  in  commercial  use  various  methods  that  will  insure  a  greater 
utilization  of  this  country's  petroleum  resources. 

Millions  of  cubic  feet  of  natural  gas  and  millioiis  of  gallons  of 
oil  have  been  wasted  for  days  and  days  in  a  careless  and  reckless 
exploitation  of  our  oil  and  gas  fields.  The  productive  districts  in 
this  country  have  now  been  fairly  well  defined,  and  in  spite  of  the 
constantly  increasing  demand  for  these  unrivaled  fuels  the  produc- 
tion must  within  a  cwnparatively  short  time  begin  to  decline.  Hence, 
it  is  of  the  highest  importance  to  the  Nation  that  the  remaining  sup- 
plies of  these  fuels  be  protected  and  the  tremendous  waste  in  their 
production  be  prevented,  and  it  is  this  end  that  the  administrative 
and  cooperative  section  holds  in  view. 

Many  of  the  States  have  already  recognized  the  need  of  preventing 
waste  and  have  enacted  laws  for  that  purpose.  Unfortunately,  how- 
ever, such  legislation  has  in  many  instances  proved  ineffective,  be- 
cause it  did  not  have  the  confidence  of  oil  operators  and  because  it 
was  difficult  to  enforce.  The  Bureau  of  Mines  is  in  a  position  to 
bring  together  producers  and  marketers  of  petroleum  and  natural 
gas  so  that  their  cooperation  may  be  obtained  and  measures  to  lessen 
wastes  may  be  made  effective. 

EXAMPLES  OF  AJD  TO  STATES. 

A  few  months  ago  when  the  people  of  Oklahoma  realized  the 
tremendous  waste  of  natural  gas  and  oil  in  the  prolific  Gushing  field, 
it  became  necessary  for  the  State  legislature  to  prepare  and  enact  into 
law  a  bill  making  it  compulsory  for  the  oil  operators  to  conserve  these 
resources.  The  assistance  of  the  Bureau  of  Mines  was  requested  and 
was  promptly  given.  The  law  is  now  in  force  and  is  spoken  of  as 
one  of  the  best  conservation  laws  in  the  United  States. 

The  bureau  stands  ready  at  any  time  to  furnish  any  possible  simi- 
lar assistance  to  any  organization  or  State  for  the  purpose  of  con- 
serving petroleum  and  natural  gas. 

Another  interesting  example  of  assistance  given  by  the  Bureau  of 
Mines  also  concerns  the  State  of  Oklahoma.  The  commercial  club 
of  a  small  but  thriving  city,  realizing  that  much  of  the  surrounding 
district's  prosperity  depended  upon  the  conservation  of  its  oil  and 
gas,  requested  that  the  bureau  recommend  to  them  a  practical  man 
whom  they  could  employ  for  the  purpose  of  enforcing  the  regulations 
of  that  State  in  connection  with  the  conservation  of  its  petroleum 
resources.  The  committee  asked  that  this  man  be  allowed  to  work 
under  the  supervision  of  the  Bureau  of  Mines.  A  man  was  finally 
appointed,  his  salary  and  expenses  being  paid  from  moneys  sub- 
scribed by  the  commercial  club  and  by  representatives  of  the  various 
industries  in  the  community,  and  under  the  bureau's  direction  many 
millions  of  cubic  feet  of  natural  gas  have  been  conserved  and  saved 
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for  the  future,  while  in  the  near-by  districts,  where  no  such  close 
scrutiny  was  given  the  oil  and^gas  operations,  all  the  gas  has  either 
been  blown  into  the  air  in  an  eflfort  to  find  oil  or  has  been  dissipated 
in  the  porous  formations  underground.  The  Bureau  of  Mines  de- 
sires to  see  more  of  this  sort  of  work  done,  as  it  not  only  results  in 
the  conservation  of  oil  and  gas  but  insures  the  future  prosperity  of 
many  of  the  industries  upon  which  such  cities  are  dependent. 

INTERDEPARTMENTAL  CXX)PERATI0N. 

Cooperative  work  has  been  carried  on  with  such  Federal  depart- 
ments and  bureaus  as  the  Navy  Department,  the  Department  of  Jus- 
tice, the  General  Land  Office,  and  the  Indian  Office.  The  bureau^s 
petroleum  division  seeks  to  act  as  the  technical  advisor  of  the  Govern- 
ment and  of  the  people  in  all  matters  relating  to  the  technology  of 
production,  engineering,  and  refining  of  petroleum  and  natural  gas. 

PBODXrCTION  TECHNOLOOT. 

The  section  of  production  technology  of  the  bureau's  petroleum 
division  studies  the  drilling  of  oil  and  gas  wells  and  the  production 
of  oil  and  gas. 

PROBLEMS  IN  DRILLING  GAS  AND  OIL  WELLS. 

The  drilling  of  oil  and  gas  wells  is  not  a  simple  matter,  and  only  a 
small  percentage  of  the  people  of  this  country  realize  that  it  costs 
thousands  of  dollars  to  drill  a  hole  over  half  a  mile  deep  for 
the  purpose  of  discovering  oil  and  gas.  Many  oil  wells  are  nearly 
a  mile  in  depth.  Oil  and  gas  exist  ordinarly  in  porous  formations  at 
varying  depths  below  the  surface,  and  if  it  were  possible  to  drill 
wells  for  oil  and  gas  in  the  same  way  that  weUs  are  drilled  for  water, 
not  so  many  problems  would  be  encountered.  But  the  holes  must  be 
drilled  through  caving  formations  and  through  formations  contain- 
^g  great  quantities  of  water  or  gas  under  high  pressure.  Heavy  pipe 
ranging  in  diameter  from  4|  to  20  inches  must  be  used  to  prevent  the 
caving  of  the  formations  and  to  exclude  water  from  the  drill  hole. 

There  are  two  general  methods  in  use  in  the  United  States  for 
drilling  oil  or  gas  wells — the  standard  or  cable-tool  method,  in  which 
&  percussion  drill  is  used,  and  the  rotary  system,  in  which,  as  the 
iiame  implies,  the  drilling  is  done  by  rotating  a  string  of  pipe  on  the 
end  of  which  is  a  bit  that  cuts  through  the  formations  in  the  same 
manner  that  a  drill  bit  cuts  through  a  piece  of  metal. 

With  the  standard  method  the  first  drilling  is  done  with  a  large 
tool  called  a  "bit,''  which  is  raised  by  powerful  machinery  and 
allowed  to  drop,  grinding  up  the  rock.  As  soon  as  the  hole  reaches 
ft  depth  at  which  caving  begins,  a  heavy  "string"  of  casing  is 
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screwed  together  and  set  on  the  bottom  of  the  hole,  and  another 
bit  of  a  smaller  size,  which  will  go  inside  the  casing,  is  lowered  into 
the  well,  and  drilling  is  resumed  in  the  smaller  sized  hole.  When 
foimd  necessary  the  bit  is  r^noved  and  a  long  string  of  casing, 
smaller  in  diameter  than  the  first  casing,  is  set  on  the  new  bottom 
of  the  hole  and  operations  continued  with  the  smaller  bit.  This  is 
done  mitil  the  oil  sands  are  encountered,  the  strings  of  caiang  re- 
sembling a  great  telescope. 

Many  difficulties  are  connected  with  drilling  such  wells,  and  the 
bureau's  engineers  are  continually  studying  the  problems  of  operators 
in  different  fields  of  the  United  States.  These  engineers  are  sent 
from  field  to  field  to  advise  with  operators  when  requested  to  do  so. 
In  this  way  the  Bureau  of  Mines  disseminates  much  information  of 
value  to  the  oil  operators. 

NEED  OF  TECHNICAL  CONTROL  IN  WELL  DRILLING. 

As  outlined  above,  the  drilling  of  oil  and  gas  wells  is  a  difficult 
engineering  operation ;  it  requires  the  expenditure  of  much  money  and 
labor,  and  demands  high  engineering  skill.  However,  all  drillers 
and  many  operators  are  not  familiar  with  the  most  efficient  methods 
of  drilling  through  gas-bearing  formations  and  often  do  not  ade- 
quately protect  oil  and  gas  measures  from  contamination  by  water 
or  from  underground  dissipation.  For  this  reason  and  because  of 
the  great  volumes  of  oil  and  gas  being  wasted,  the  bureau  undertook 
to  introduce  into  Oklahoma  new  methods  of  drilling  that  would 
result  in  a  conservation  of  oil  and  gas.  Some  specific  instances  of 
wells  at  which  large  volumes  of  gas  were  wasted  follow. 

EXAMPLES  OF  QAS  WASTE. 

In  1914  one  of  the  first  wells  drilled  in  the  north  Cushing  field 
wasted  an  average  of  14,000,000  cubic  feet  of  gas  each  day  for  67 
days,  or  a  total  of  938,000,000  cubic  feet.  A  little  later  the  same  well 
struck  another  sand  and  wasted  about  40,000,000  cubic  feet  of  gas 
each  day  for  seven  days,  or  a  total  of  280,000,000  cubic  feet  From 
these  two  sands  this  well  wasted  1,!218,000,000  cubic  feet  of  gas, 
which,  if  it  had  been  sold  at  the  average  price  of  gas  consumed  in 
the  United  States  at  that  time  would  have  brought  $182,700,  and 
even  if  the  producer  had  sold  the  gas  at  the  customary  field  price  he 
would  have  obtained  from  its  sale  over  $25,000,  or  more  than  enough 
to  drill  a  well.  This  amount  of  gas  wasted  is  equivalent  to  about 
60,000  tons  of  coal,  or  about  250,000  barrels  of  oil,  and  is  sufficient  in 
volume  to  furnish  over  12,000  families  with  gas  for  one  year.  Had 
this  well  been  the  only  one  to  represent  waste,  it  would  not  have  been 
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SO  regrettable,  but  as  a  matter  of  fact  the  gas  wasted  by  this  well 
was  only  a  small  proporti<m  of  the  total  amount  wa^»d  m  the 
Cusliing  field. 

For  instance,  a  well  near  by,  drilled  at  nearly  the  same  time,  in 
less  than  a  month  wasted  1,655,000,000  cubic  feet  of  gas,  equivalent 
to  about  80,000  tons  of  coal:  Still  another  well  within  two  months 
wasted  600,000,000  cubic  feet  of  gas,  and  another  in  82  days  wasted 
1,000,696,000  cubic  feet  of  gas.  The  total  combined  waste  from  these 
four  wells  was  over  5,000,000,000  cubic  feet,  equivalent  to  over  250,000 
tons  of  coal,  or  enough  to  supply  over  50,000  families  for  one  year. 
If  this  gas  had  been  sold  at  the  average  price  of  gas  consumed  in  this 
country  it  would  have  brought  the  seller  more  than  three- fourths  of  a 
million  dollars. 

During  the  year  1913  it  is  estimated  that  in  this  one  field  in  Okla- 
homa an  average  of  not  less  than  800,000,000  cubic  feet  of  gas  was 
wasted  daily,  or  more  than  100,000,000^000  cubic  feet  of  this  ideal 
fuel  was  allowed  to  waste  during  the  year.  This  is  equivalent  to 
about  5,600,000  tons  of  coal,  and  would  have  met  the  wants  of  nearly 
1,000,000  families  for  1  year.  If  the  gas  had  been  sold  at  the  rate  of 
15  cents  per  1,000  cubic  feet,  the  sellers  would  have  realized  over 
$15,000,000,  and  even  if  the  producers  had  obtained  only  3  cents  per 
1,000  for  the  gas,  which  is  the  prevailing  field  price,  they  would  have 
realized  over  $3,000,000  from  its  sale.  Not  only  was  the  gas  allowed 
to  wastej  but  such  tremendous  volumes  of  this  inflammable  material 
hung  over  the  oil  fields  that  automobiles  were  not  allowed  to  enter, 
and  in  many  cases  disastrous  fires  were  started,  resulting  in  the  loss 
of  life  and  property. 

All  this  gas  was  wasted  in  order  to  produce  about  30,000  barrels 
of  oil  daily ;  in  other  words,  at  the  prevailing  price  paid  by  domestic 
consumers  for  such  fuel,  gas  worth  about  $75,000  a  day  was  need- 
lessly wasted  to  obtain  a  daily  oil  production  valued  at  less  than 
$25,000. 

EFFECTIVE   METHODS   DEMONSTRATED   BY   BUREAU   OF   MINES. 

The  Bureau  of  Mines  sent  engineers  to  this  field  to  reduce  the  waste 
by  teaching  an  efficient  drilling  method.  In  a  few  months  it  was 
proved  beyond  doubt  that  wells  drilled  through  these  tremendously 
productive  sands  need  not  waste  so  much  of  the  gas.  The  method 
demonstrated  not  only  conserved  the  gas  and  kept  it  underground 
where  it  could  not  be  wasted,  but  rendered  the  field  safe  for  work- 
men and  for  visitors,  and  also  greatly  reduced  the  time  of  drilling 
wells,  for  previously  when  an  operator  struck  a  high-pressure  gas 
sand  he  had  to  allow  the  gas  to  needlessly  waste  into  the  air  until  the 
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pressure  had  declined  enough  to  allow  him  to  continue  drilling.  An 
example  of  the  waste  of  gas  is  shown  in  Plate  XII,  B.  This  well  was 
wasting  50,000,000  cubic  feet  of  gas  daily  and  had  a  dosed-in  pressore 
of  nearly  800  pounda 

The  method  of  drilling  advocated  by  the  Bureau  of  Mines  is 
called  the  ^'  mud-laden  fluid  "  method,  and  is  described  in  detail  in 
Bulletin  134  of  the  bureau.  In  short,  this  method  may  be  outlined 
as  follows : 

METHOD  OF  USING  MUD-LADEN  FLUID  IN  DRILLING. 

The  term  "mud-laden  fluid"  is  applied  to  a  mixture  of  clayey 
material  that  will  remain  suspended  in  water  for  a  considerable  time 
and  is  free  from  sand,  limestone  cuttings,  or  similar  materials. 

ACTION  OF  ICUD  FLTTID  ON  POBOUS  FORMATIONS. 

The  action  of  mud-laden  fluid  in  a  sand  or  other  porous  formation 
can  be  likened  to  the  action  of  muddy  water  going  through  a  filter. 
In  any  filter  that  has  been  used  for  some  time  it  will  be  found  that 
most  of  the  sediment  from  the  water  has  been  deposited  on  the  sur- 
face of  the  filter,  but  some  of  it  has  entered  the  filter,  the  proportion 
diminishing  with  the  distance  penetrated.  The  distance  to  which 
mud  from  the  fluid  in  the  well  will  penetrate  a  porous  formation 
depends  partly  on  the  combined  pressure  produced  by  the  column  of 
fluid  and  the  pump,  and  partly  on  the  consistence  of  the  fluid  and  the 
porosity  of  the  formation.  At  first  the  fluid  will  enter  the  formation, 
but  finally  the  mud  will  clog  the  pores  and  no  more  water  will  go 
through.  Ordinarily,  if  a  thick  fluid  is  used  on  the  sands  encountered 
in  the  well,  it  will  not  penetrate  to  any  great  distance  even  under  high 
pressure,  but  if  the  fluid  is  too  thin  it  may  not  clog  the  pores  readily 
and  will  act  more  like  clear  water,  which  may  enter  a  sand  indefi- 
nitely. Occasionally  a  very  coarse  sand,  a  fissured  formation,  or  a 
porous  limestone  is  found  into  which  even  thick  fluid  may  penetrate 
for  some  distance. 

When  a  well  has  been  treated  with  mud  fluid  the  contents  of  each 
formation  is  confined  to  its  original  stratum,  so  that  there  can  be  no 
movement  of  oil,  water,  or  gas  either  from  the  sands  into  the  well, 
from  the  well  into  the  sands^  or  from  one  sand  into  another.  Thus 
waste  and  intermingling  are  prevented,  corrosive  waters  can  not 
reach  and  attack  the  casing,  and  the  strata  are  entirely  sealed  off  from 
each  other  as  thev  were  before  the  well  was  drilled, 

CONSISTENCE  OF   FLUID   TO  BE  USED. 

The  consistence  of  the  fluid  should  be  varied  according  to  the 
conditions  for  which  it  is  to  be  employed.    Most  frequently  mixtures 
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with  a  specific  gravity  of  1.05  to  1.15  are  used  in  drilling.  When 
the  fluid  is  not  used  to  drill  in,  thicker  fluid  is  often  employed,  which 
has  the  advantages  of  greater  weight  and  of  clogging  the  pores  of  the 
sand  more  readily.  Experience  soon  enables  the  operator  to  judge 
the  consistence  of  fluid  required  for  practical  uses. 

The  operator  who  is  unfamiliar  with  the  use  of  mud-laden  fluid 
is  likely  to  use  it  too  thin.  This  has  been  the  cause  of  much  trouble 
in  Oklahoma.  Such  fluid  acts  almost  like  clear  water.  It  will  not 
clog  the  pores  of  the  sand  readily  and  hence  will  be  forced  into  them 
for  considerable  distances,  and  in  some  instances  near-by  wells  have 
been  affected.  It  is  also  likely  to  cause  caving  and  is  injurious 
to  the  sand,  or  it  may  not  have  sufficient  weight  to  overcome  high- 
pressure  gas.  The  only  limit  on  the  thickness  of  the  fluid  that  may 
be  employed  is  whether  it  can  be  handled  by  the  pumps,  for  it  must 
be  a  fluid  and  not  a  pasty  clay. 

MUD  FLUID  CONTRASTED  WITH  OTHER   METHODS. 

The  mud  fluid  is  used  in  Oklahoma  at  present  in  drilling  wells  and 
in  protecting  formations  behind  casings  and  plugging  wells.  The 
careful  use  of  mud  fluid  has  proved  of  inestimable  value  in  drilling 
oil  wells;  it  prevents  dissipation  of  gas  underground  as  well  as  escape 
at  the  surface  by  confining  the  water,  gas,  and  oil  to  the  strata  in 
which  they  originally  occur. 

Mud  fluid  may  be  used  in  wells  that  have  been  improperly  cased  to 
obviate  the  bad  results  which  ordinarily  follow  this  practice.  An 
example  of  improper  casing  is  shown  in  figure  8.  If  mud  fluid  had 
been  placed  bdiind  certain  of  the  casings  in  the  wells  shown  in  the 
figure,  waste  of  gas  would  have  been  prevented. 

Mud  fluid  has  proved  to  be  of  value  in  plugging  wells,  and  if  it 
were  used  more  constantly  there  would  be  no  such  waste  as  that 
shown  in  Plate  XIII,  -4,  which  shows  a  gas  well  that  was  improperly 
plugged.  After  the  well  had  been  abandoned  the  gas  pressure  forced 
a  leak,  and  gall^-laden  water  flowed  from  the  hole. 

It  is  estimated  that  in  the  north  Gushing  field  only  about  10  per 
cent  of  the  recoverable  gas  was  actually  utilized  for  any  purpose, 
whereas  if  the  operators  had  used  the  mud-laden  fluid  system  of 
drilling  it  would  have  been  possible  to  utilize  80  per  cent  of  this  gas. 
Since  the  introduction  by  the  Bureau  of  Mines  of  this  process  even 
larger  percentages  of  gas  have  been  utilized. 

An  attempt  has  been  made  to  impress  upon  the  oil  operators  of 
Oklahoma  and  of  some  of  the  other  States  the  fact  that  formations 
containing  only  a  small  amount  of  oil  should  be  carefully  conserved 
and  protected  because  the  day  of  the  big  oil  gusher  will  soon  be  past 
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and  oil  operators  will  then  be  drilling  new  wells  to  sands  now  com- 
paratively small  in  production,  and  jnoreover  they  will  be  making 
money  from  such  wells. 
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COST  OF  OIL  WELLS  AND  NEED  OF  EFFICIENT  DfilUJNG  METHODS. 

In  the  drilling  of  oil  wells,  with  the  expenditure  of  vast  sums  of 
money,  many  problems  arise.  Plate  XIII,  B^  shows  the  Sour  Lake 
oil  field  in  Texas.  Each  well  shown  cost  thousands  of  dollars,  and 
required  many  weeks  of  labor  in  drilling.  After  oil  is  discovered 
many  more  problems  are  encountered  by  the  producers  in  extracting 
the  oil  from  the  ground.  At  some  wells  as  soon  ag  the  drill  penetrates 
the  oil  sand,  oil  and  gas  in  tremendous  volumes  are  expelled  from 
the  hole,  and  if  the  producer  is  lucky  enough  to  have  storage  tanks, 
he  may  make  money  easily  while  the  well  is  flowing. 

Oil  properties  are  unlike  mining  properties,  where  a  certain  amount 
of  ore  is  mined  each  day  and  that  amount  can  be  increased  by  putting 
more  men  to  work.  Very  often  an  oil  well  "  comes  in  "  at  a  high  rate 
of  production  which  lasts  for  a  number  of  months,  gradually  dimin- 
ishing in  daily  output,  however,  as  the  underground  pressure  in  the 
oil  sand  is  released.  As  a  result  the  well  makes  a  constantly  dimin- 
ishing daily  production,  and  oftentimes  after  a  few  months  it  becomes 
necessary  to  place  tubing  in  the  well  and  pump  the  oil  from  the  sands. 
Some  wells  produce  for  many  years,  but  often  one-half  of  a  well's 
total  production  is  obtained  the  first  year,  and  it  requires  all  the  rest 
of  the  years  of  the  well's  life  for  the  operator  to  obtain  the  remaining 
half  of  the  oil. 

It  has  been  estimated  that  oil  operators  are  obtaining  only  a  part 
of  the  total  oil  stored  by  nature  under  their  lands.  Estimates  of  the 
total  amount  extracted  range  from  10  to  70  per  cent,  90  to  30  per  cent 
being  left  in  the  ground.  It  is  estimated  that  this  country  in  the 
future  will  produce  over  7,000,000,000  barrels.  If  the  Bureau  of 
Mines  is  able  to  cause  the  adoption  of  practices  whereby  this  pro- 
duction is  increased  by  10  per  cent  it  will  cause  an  increase  in  the 
ultimate  production  of  700,000,000  barrels  or  a  sufficient  amount  to 
meet  the  present  demand  for  about  two  years.  Placing  the  same 
price  per  barrel  on  this  crude  as  was  obtained  for  the  crude  oil 
throughout  the  United  States  for  1915,  there  would  be  a  saving  to  the 
country  of  $450,000,000.  Even  an  increased  ultimate  production  of 
1  per  cent  would  yield  a  total  net  saving  of  $45,000,000,  a  sum  far  in 
excess  of  any  amount  which  will  be  spent  by  the  Government  for 
investigations  of  petroleum  and  natural  gas. 

EFFORTS  TO  INCREASE  OIL  PRODUOnON. 

The  engineers  of  the  bureau  are  making  extensive  investigations 
with  a  view  to  recommending  the  most  feasible  methods  of  increasing 
the  extraction  of  oil  by  the  use  of  compressed  air  or  the  use  of  a 
vacuum.    The  principle  of  one  of  the  most  promising  of  these  proc- 
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esses  is  the  forcing  of  compressed  air  into  the  porous  oil  sand,  thus 
forcing  the  oil  in  every  direction  from  the  point  of  entry  of  the  air. 
The  oil  is  then  pumped  from  the  wells  near  by.  In  some  cases  partial 
vacuum  is  put  on  the  sand  by  the  use  of  suction  pumps.  These  pumps 
draw  the  oil  and  gas  toward  the  well  to  which  the  pumps  are  attached. 

Water  is  the  oil  man's  greatest  enemy.  The  filtration  of  water 
into  the  oil  sands  means  either  a  total  loss  of  the  oil  or  a  compara- 
tively short  flow.  This  has  been  true  with  hardly  an  exception  for 
every  oil  field  in  the  world.  In  many  oil  fields  divided  among  a 
number  of  operators  there  are  great  differences  in  the  methods  used 
to  get  the  oil,  and  occasionally  an  operator  who  has  had  very  little 
experience  and  does  not  realize  the  harm  he  is  doing  does  not  care- 
fully exclude  from  the  deep  oil  sands  the  water  in  the  shallow  sands. 
The  water  not  only  ruins  his  well  but  rapidly  spreads  from  well  to 
well,  decreasing  the  amount  of  oil  recovered,  "  cuts "  the  oil,  and 
spoils  the  field. 

The  Bureau  of  Mines  has  already  issued  a  report*  on  the  cement- 
ing of  oil  wells,  which  means  the  exclusion  of  water  from  the  oil 
by  the  use  of  cement.  This  practice  is  followed  almost  universally 
in  the  California  fields  and  in  some  of  the  Texas  fields,  and  the 
bureau  hopes  by  conducting  extensive  work  to  induce  operators  in 
other  fields  to  adopt  similar  methods.  As  our  petroleum  resources 
are  limited,  we  can  not  afford  to  allow  great  quantities  to  be  ruined 
because  some  operator  has  been  neglectful  in  the  methods  he  has  used 
in  finishing  his  well.  The  bureau  is  to  issue  a  report  on  the  methods 
used  for  excluding  water  from  oil  sands  as  practiced  in  all  the  fields 
of  this  country,  which  will  be  written  with  a  view  to  reccMimiending 
the  best  practice  to  be  followed  under  varying  conditions  in  different 
field& 

OORBOSIOK   OF  WEIX  CASINGS. 

The  corrosive  effect  of  underground  water  on  casings  is  another 
difficulty  that  oil  men  must  combat.  Casing  in  oil  wells  is  used  pri- 
marily to  exclude  water  and  loose  material,  and  as  some  underground 
waters  contain  acids,  casings  in  such  wells  are  rapidly  corroded  and 
water  runs  through  them  into  the  oil  sands.  The  casings  may  be 
protected  from  the  corrosive  effect  of  water  by  the  use  of  mud-laden 
fluid,  but  in  case  operators  desire  to  use  some  other  method  to 
obviate  this  difficulty,  the  bureau  hopes  to  be  able  to  suggest  alter- 
natives. 


•Arnold,  Ralph,  and  Garflas,  V.  R.,  Tbe  cementing  process  of  excluding  water  from 
oU  wells,  as  practiced  in  California:  Tech.  Paper  82,  Bureau  of  Mines,  1918,  12  pp.. 
1  fig. 
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ENGINEESINa  TECHNOLOGY.  ^ 
STUDY  OF  EVAFORATION  AND  FIRE  LOSSES. 

The  section  of  engineering  technology  of  the  petroleum  division 
is  studying  evaporation  losses  and  fire  losses  in  connection  with  the 
storage  of  oil  with  a  view  to  reducing  these  losses  by  suggesting  im- 
provements in  the  design  and  protection  of  tanks.  The  magnitude 
of  evaporation  losses  may  be  realized  by  considering  that  out  of 
4>0,000  barrels  stored  in  one  tank  in  Oklahoma  between  2,000  and 
2,500  barrels  was  lost  by  evaporation  in  five  months.  There  are 
probably  between  3,000  and  4,000  large  oil  storage  tanks  in  Okla- 
homa to-day,  and  although  they  do  not  all  now  contain  oil,  and 
it  is  not  reasonable  to  suppose  that  such  tremendous  losses  occur 
from  every  tank,  the  evaporation  loss  is  undoubtedly  appalling.  In 
addition  to  this  loss,  many  tanks  are  lost  by  fire  caused  by  lightning 
during  certain  seasons  of  the  year,  and  it  is  a  common  occurrence  in 
the  oil  fields  during  a  thunder  shower  to  see  a  great  tank  containing 
thousands  of  barrels  of  oil  rapidly  burning.  Plate  XIII,  C^  shows 
one  of  these  tanks  after  such  a  fire.  Not  only  is  the  oil  lost,  but  the 
tank  itself  has  no  value. 

STUDY  OF   METHODS  OF  TRANSPORTING  OIIa 

Transportation  of  oil  is  being  studied,  including  the  influence  of 
temperature  and  viscosity  on  the  capacity  of  pipe  lines,  the  influence 
of  pressure  and  soil  conditions  on  the  life  of  pipe  lines,  and  the 
proper  power  equipment  for  pipe  lines.  Pipe  lines  are  expensive; 
they  cost  between  $5,000  and  $10,000  a  mile,  depending  upon  the 
conditions  under  which  they  are  constructed  and  upon  the  topog- 
raphy of  the  country  that  they  traverse.  When  it  is  remembered 
that  pipe  lines  have  been  laid  from  Oklahoma  to  the  Atlantic  coast 
and  to  the  Gulf  coast,  and  that  practically  all  the  Pennsylvania  and 
West  Virginia  oil  fields  are  connected  by  pipe  lines  to  the  great 
refinery  centers  on  the  Atlantic  coast,  one  realizes  what  tremendous 
engineering  problems  are  involved  in  the  construction  of  these  lines 
and  what  vast  sums  of  money  are  invested  in  them. 

CHARACTER   AND   UTILIZATION   OF   "  WET  "   GAS. 

When  oil  is  produced  it  is  almost  always  accompanied  by  more 
or  less  gas  which  ordinarily  comes  from  the  same  sand.  The  gas 
usually  contains  some  of  the  lighter  portions  of  the  oil  itself.  Such 
gas  is  known  as  "  wet "  gas,  and  if  it  is  produced  with  the  oil  it  is 
called  "casing-head"  gas.  A  few  years  ago  one  could  go  through 
almost  any  oil  field  in  this  country  and  see  great  volumes  of  this  gas 
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escaping  from  the  oil  tanks.  No  one  could  see  any  way  in  which 
it  could  be  utilized,  although  at  some  wells  it  was  trapped  and  used 
for  fuel  under  boilers.  It  was  soon  learned,  however,  that  by  com- 
pressing this  wet  gas  and  cooling  the  compressed  product  gasoline 
of  high  gravity  was  precipitated.  A  few  years  ago  gasoline  was  not 
so  expensive  as  it  is  now,  and  inasmuch  as  the  so-called  '^  casing- 
head"  gasoline  was  more  or  less  dangerous  on  account  of  its  vola- 
tility, not  many  people  cared  to  handle  it.  However,  after  the  auto- 
mobile came  into  its  own  and  gasoline  became  so  expensive,  the  use 
of  casing-head  gasoline  began  to  be  more  and  more  common. 

PROGESSES    FOR    MAKING    GASOLINE    FROM    CASING-HEAD    GAS. 

Casing-head  gasoline  is  made  by  two  different  processes,  the  com- 
pression process  and  the  absorption  process.  In  the  compression 
process  the  wet  gas  is  compressed  by  large  machines  to  a  pressure 
between  200  and  300  pounds  to  the  square  inch.  The  compressed 
product  is  then  cooled  and  the  "wet"  parts  of  the  gas  condensed. 
The  high-gravity  product  is  then  mixed  with  low-gravity  distillates 
and  kerosene,  which  can  not  be  utilized  by  themselves  in  automobile 
engines.  However,  the  addition  of  the  light-gravity  gasoline  gives 
the  resulting  mixture  a  volatility  sufficient  to  permit  ready  combus- 
tion in  automobile  motors. 

The  absorption  process  of  making  gasoline  may  be  used  for  casing- 
head  gas  or  for  gas  that  does  not  occur  with  the  oil.  This  process 
is  based  upon  the  fact  that  when  the  wet  parts  of  the  gas  are  forced 
through  certain  kinds  of  oil  used  for  absorption,  the  oil  absorbs 
the  light  particles  of  gasoline  carried  by  the  gas.  These  are  later 
recovered  from  the  oil  by  heating  it,  the  gasoline  being  driven 
off  and  the  high-gravity  product  being  condensed.  The  product  of 
the  absorbers  is  blended  with  a  heavier  distillate  as  is  the  product 
from  compressing  casing-head  gas. 

During  the  year  1915  approximately  1,500,000  barrels  of  gasoline 
was  made  by  these  methods.  The  value  of  this  gasoline  is  about 
$5,500,000,  blowing  the  magnitude  of  an  industry  based  upon  a 
product  that  until  a  short  time  ago  was  allowed  to  waste  into  the 
air.  This  engineering  problem  is  being  thoroughly  investigated  by 
engineers  connected  with  the  Bureau  of  Mines. 

INVESTIGATION  OF  GAS  TRAPS. 

The  engineering-technology  section  of  the  bureau's  petroleum  divi- 
sion is  also  investigating  the  most  efficient  gas  traps  for  oil  wells, 
with  a  view  to  recommending  a  type  for  universal  adoption. 
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CHiaaCAIi-TBGHNOIiOaY  STUDIES  OF  PETBOI.ETJM. 

One  of  the  most  important  results  obtained  by  the  section  of 
chemical  technology  was  the  development  of  the  Eittman  process 
which  allows  a  greater  percentage  of  gasoline  to  be  obtained  from 
petroleum  than  was  obtained  by  other  processes.  This  greater  per- 
centage is  obtained  by  subjecting  the  heavier  distillates  of  petroleum 
to  "  cracking,"  which  involves  the  rearrangement  of  the  molecules  of 
oil  by  subjecting  them  to  high  temperatures  and  pressures.  The 
Bureau  of  Mines  early  realized  the  importance  of  this  process  and  as 
a  result  of  the  studies  carried  on  by  Dr.  Kittman  important  discov- 
eries were  made  which  bid  fair  to  greatly  increase  the,  present  supply 
of  gasoline.  The  Eittman  process  has  proved  to  be  of  linquestionable 
value,  although  unfortunately  not  many  refineries  have  installed  the 
necessary  equipment  for  utilizing  it. 

One  of  the  large  fields  in  refining  is  that  connected  with  the  so- 
called  unsaturated  hydrocarbons.  Petroleum  practice  of  the  past  has 
always  dealt  with  saturated  hydrocarbons,  namely,  those  that  are 
not  washed  out  by  sulphuric  acid.  From  the  chemist's  standpoint, 
the  saturated  hydrocarbons  are  inactive,  whereas  those  constituents 
that  are  unsaturated  are  most  active  chemically,  and  can  be  used 
as  a  source  for  building  up  a  great  variety  of  products.  The  Bureau 
of  Mines  desires  to  extend  the  scope  of  such  work  and  recommends 
this  field  of  research  because  of  its  tremendous  possibilities. 

DEVELOPMENT  OF  RITTMAN  PROCESS. 

Another  investigation  that  the  bureau  desires  to  continue  is  the 
development  of  the  Eittman  process.  With  the  present  limited  ap- 
propriations made  for  petroleum  investigations  the  bureau  has  not 
been  able  to  carry  on  investigations  in  the  field  of  possible  by- 
products to  be  made  from  the  cracking  of  oils.  It  seems  clearly  pos- 
sible to  make  such  by-products  as  special  lubricating  oils,  aromatic 
hydrocarbons,  and  other  hydrocarbons  that  can  be  used  in  making 
drugs  and  antiseptics.  During  the  past  year  the  Eittman  process 
^or  making  gasoline  has  passed  beyond  the  experimental  state  and 
may  be  considered  a  commercial  process.  During  the  experiments 
carried  on  by  the  Standard  Oil  Co.  of  New  Jersey  at  the  Eittman 
Process  Corporation's  plant  at  Pittsburgh,  as  much  as  100  barrels 
a  day  was  treated  in  a  11-inch  cracking  tube,  such  as  is  described 
in  Bureau  of  Mines  Technical  Paper  161,  with  a  recovery  of  40  per 
cent  gasoline  having  an  end  point  of  165°  C,  whereas  the  end  point 
of  what  is  now  termed  gasoline  is  nearer  200°  C. 

The  independent  refiners  have  been  slow  to  take  up  the  process, 
and  consequently  its  development  has  been  retarded.    The  Bureau  of 
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Mines  has  been  handicapped  in  that  it  has  not  had  a  plant  at  which 
it  could  carry  out  tests  on  a  commercial  scale.  The  licensees,  as  a 
rule,  are  not  interested  in  developing  the  chemical  possibilities  of 
the  process  so  much  as  in  obtaining  the  products  they  desire.  If  the 
maximum  progress  is  to  be  made  in  the  development  of  the  Rittanan 
process,  it  seems  necessary  for  the  Bureau  of  Mines  to  control  a  plant 
at  which  commercial  quantities  of  oil  can  be  treated  and  to  which 
persons  interested  in  the  process  can  send  carload  lots  of  oil  to  be 
tested  before  they  invest  in  the  construction  of  a  plant.  The  labor 
costs  of  making  such  a  test  should  be  charged  against  the  applicant 
for  the  test. 

CONTEMPLATED  INVESTIGATIONS. 

In  the  future  the  bureau  hopes  to  investigate  sulphuric  acid  residues 
from  the  refining  of  petroleum ;  the  possible  by-products  obtainable 
from  acid  sludges  and  cracked  oils;  and  the  internal-combustion  en- 
gine fuels,  which  will  involve  the  testing  of  various  grades  of  such 
fuels  for  the  purpose  of  determining  relative  efficiencies  and  satisfac- 
tory end  points  and  other  limits.  The  bureau  also  hopes  to  investi- 
gate and  prepare  specifications  for  lubrfcating  oils  and  to  standardize, 
as  nearly  as  possible,  the  methods  of  testing  petroleum  and  all  its 
products.  The  best  method  of  analyzing  crude  oil  must  be  studied. 
Gasoline,  which  is  one  of  the  Nation's  greatest  necessities,  is  being 
thoroughly  investigated,  and  thousands  of  analyses  are  being  made 
to  determine  the  grades  of  gasoline  being  used  in  different  parts  of 
the  United  States,  so  as  to  enable  the  Bureau  of  Mines  to  furnish 
expert  information  to  State  governments  and  private  individuals  as 
to  the  essential  properties  of  gasoline  for  various  uses. 

During  the  past  year  the  increasing  demand  for  gasoline  has  been 
met  in  four  ways :  By  stimulating  production ;  by  the  use  of  a  crack- 
ing process  controlled  by  the  Standard  Oil  Co. ;  by  increasing  the  end 
point  from  150°  C,  the  end  point  of  a  year  ago,  to  an  end  point  as 
high  as  200°  C,  which  has  permitted  the  use  of  large  quantities  of 
distillate  that  was  formerly  considered  to  be  naphtha  and  kerosene 
stock ;  and  by  blending  casing-head  gasoline  with  heavy  naphtha  or 
light  kerosene  stock.  It  is  impossible  to  count  upon  an  increased 
production  of  crude  to  keep  pace  with  future  increases  in  the  de- 
mand ;  likewise  it  is  impossible  to  expect  a  much  further  raising  of 
the  end  point  without  a  decided  change  in  engine  designs,  for  the 
reason  that  the  present  end  point  includes  most  of  the  products  that 
can  be  heated  up  to  their  vaporizing  point  without  cracking,  and  if 
the  products  are  heated  above  their  cracking  point  objectionable 
decomposition  products  are  formed.  The  casing-head  gasoline  in- 
dustry will  probably  never  furnish  more  than  10  per  cent  of  the  total 


PETROLEUM  INVESTIGATIONS.  133 

production  of  gasoline;  therefore,  the  only  possible  way  of  keeping 
pace  with  this  increased  consumption  of  gasoline  is  by  means  of  crack- 
ing the  heavier  oils.  We  are  to-day  using  efficiently — ^that  is,  for  gaso- 
line and  lubricating  purposes — ^not  more  than  30  per  cent  of  our  oils. 
The  other  70  per  cent  is  used  in  competition  with  coal  or  exported  to 
foreign  countries  and  is  generally  sold  for  less  than  the  cost  of  produc- 
tion. The  gasoline  problem  before  the  public  to-day  can  probably  be 
most  efficiently  solved  by  cracking  this  70  per  cent  of  petroleum, 
thereby  increasing  the  yield  of  gasoline  from  our  present  oil  produc- 
tion by  100  to  200  per  cent. 

EXTRACTION  OF  OIL  FROM  OIL  SHAUSS. 

The  question  is  being  asked  daily  what  this  country  is  going  to 
do  when  our  petroleum  resources  are  exhausted.  We  have  as  yet 
untouched  our  great  reserves  of  shales  that  contain  oil.  These  shales 
are  foimd  in  many  parts  of  the  United  States,  and  tremendous 
reserves  are  known  in  Colorado,  Utah,  and  Wyoming.  There  is  only 
one  country  in  the  world  where  oil  shales  are  being  utilized  for  the 
production  of  oil — Scotland,  where  little  petroleum  occurs  and  where 
the  demand  for  petroleum  is  great.  Some  of  our  shales  are  much 
richer  in  oU  than  are  the  Scotch  shales,  and  are  conservatively  esti- 
mated  to  contain  many  times  the  amount  of  oil  that  has  been  or  will 
have  been  produced  from  all  the  porous  formations  in  this  country. 

To  obtain  the  oil  from  oil  shale  it  is  necessary  to  heat  the  shale 
in  great  retorts.  The  oil  is  the  result  of  destructive  distillation  and 
is  driven  off  in  the  form  of  vapor  and  is  later  condensed  by  cooling. 
As  stated  above,  this  process  has  never  been  used  in  this  country 
because  of  the  lack  of  necessity,,  for  our  oil  reserves  are  great,  and  it 
would  not  be  commercially  economical  to  invest  money  in  retorts  for 
distilling  from  oil  shale  oil  that  would  have  to  compete  with  the 
crude  oil  obtained  by  other  methods.  But  this  condition  will  not 
last  forever.  In  fact,  it  is  thought  that  it  will  be  only  a  very  short 
time  until  the  oil-i^ale  industry  will  be  one  of  magnitude. 


METALLUKGICAL  INVESTIGATIONS. 

OEHEBAL  BEKABXS. 

For  an  intelligent  understanding  of  the  work  and  plans  of  the 
metallurgical  division  of  the  bureau,  some  knowledge  of  its  history 
is  necessary. 

Owing  to  the  lack  of  any  appropriation  for  the  purpose,  the 
bureau  did  not  take  up  metallurgical  studies  until  1911,  when  a 
modest  beginning  was  made  by  establishing  a  laboratory  at  San 
Francisco,  Cal.,  chiefly  to  study  the  smelter-fume  problem,  which 
was  then  a  particularly  live  issue  between  a  number  of  the  western 
smelting  companies  and  the  neighboring  agricultural  interests. 

A  considerable  part  of  the  expense  of  the  investigations  center- 
ing at  the  San  Francisco  station  has  from  the  beginning  been  met 
through  cooperative  arrangement  with  the  industries  and  communi- 
ties most  directly  interested. 

In  1912  Congress  gave  the  bureau  its  first  appropriation  of  $50,000, 
and  in  later  years  this  has  been  increased  to  $100,000.  Federal  metal- 
lurgical investigations  will  be  further  supplemented  by  the  work  of 
the  new  mining  and  metallurgical  experiment  stations  recently 
authorized  under  the  Kern-Foster  bill.  This  bill  provides  tor  10  new 
stations,  not  more  than  three  of  which  are  to  be  established  in  any  one 
year*  Congress  has  appropriated  $75,000  for  the  work  of  the  first 
three  stations,  which  began  their  investigation  in  1916.  .They  are 
situated  at  Fairbanks,  Alaska ;  Tucson,  Ariz. ;  and  Seattle,  Wash. 

The  first  year's  work  in  these  new  stations,  both  in  mining  and 
metallurgy,  is  being  given  chiefly  to  making  a  thorough  survey  of  the 
specific  needs  of  the  territory  they  are  to  serve,  to  planning  and  in- 
stalling the  necessary  equipmoDit,  and  also,  what  is  perluq>s  most  im- 
portant of  all,  to  bringing  the  bureau's  own  personnel  into  dose  co- 
operative acquaintance  and  contact  with  the  local  mining  and  metal- 
lurgical interests  so  as  to  insure  the  intelligent  guidance  of  the 
bureau's  efforts  toward  the  real  needs  of  the  community  it  is  to  serve. 

It  was  not  until  1916  that  a  distinct  division  of  metallurgy  was 
officially  recognized  in  the  bureau,  and  the  scattered  pieces  of  metal- 
lurgical work  previously  imdertaken  under  other  divisions  was  col- 
lected under  one  head  to  form  the  nucleus  for  a  more  comprehensive 
and  carefully  proportioned  program. 

With  this  much  by  way  of  introduction  and  explanation  as  to  how 
the  bureau's  metallurgical  work  started,  and  bearing  in  mind  the 
unifying  process  now  being  brought  to  bear  upon  these  somewhat 
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scattered  elements,  we  may  turn  to  a  more  detailed  descripti<»i  of  the 
bureau's  work  on  metallurgical  problems  during  the  fiscal  year  1916. 

GEHEKAL  STUDY  OF  THE  IBON  INDUSTBY. 

As  iron  is  the  most  important  of  all  metals*,  and  the  one  of  which 
this  country  is  the  leading  producer,  with  40  per  cent  of  the  world's 
output  to  its  credit,  it  may  seem  that  the  bureau  has  given  the  iron 
industry  scant  attention  in  comparison  with  other  studies.  However, 
this  seeming  oversight  has  been  due  chiefly  to  a  realization  of  the 
magnitude  of  the  problems  involved  and  the  inadequacy  of  present 
appropriations  for  more  than  a  small  start  on  the  work.  Further- 
more, the  iron  and  steel  industry  is  predominantly  in  the  hands  of 
large  industrial  interests  fully  able  to  work  out  their  own  technical 
problems.  Therefore  it  has  been  felt  that  there  was  not  the  same 
urgency  in  proffering  Government  assistance  in  this  direction  as 
there  has  been  in  the  industries  representing  smaller  and  more  scat- 
tered control  and  individual  effort. 

Still,  even  in  the  iron  industry  an  attempt  has  been  made  to  pick 
out  the  phases  in  which  the  public  itself  was  most  directly  interested 
and  to  give  those  features  such  attention  as  the  funds  and  facilities 
at  hand  would  justify. 

As  a  general  basis  for  public  imderstanding  of  the  iron  industry, 
and  to  serve  in  answering  many  of  the  questions  coming  to  the 
bureau  from  all  sides  regarding  the  fundamentals  of  the  industry 
as  a  whole,  a  popular  report,  entitled  "  The  Story  of  Iron."  has  been 
practically  completed.  The  report  aims  to  cover  the  general  history 
and  evolution  of  the  iron  industry.  The  work  is  both  historical  and 
technical  and  notes  the  progressive  steps  and  methods  in  the  develop- 
ment of  iron  manufacture  with  special  reference  to  the  United  States; 
it  also  cites  various  noteworthy  discoveries,  improvements,  and 
processes. 

IHYESTIOATIOir  OF  SAIETY  IS  XBOIT  AND  STEEL  INDUSTBY. 

In  conformity  with  the  bureau's  general  policy  of  promoting  safety 
and  welfare  in  the  industries  which  it  touches,  it  has  been  making  a 
study  of  accidents  at  iron  and  steel  plants  with  a  view  to  determining 
the  principal  causes  of  such  accidents  and  to  developing  equipment 
and  practice  to  lessen  them. 

Since  1906  a  few  firms  have  been  actively  engaged  in  accident  re- 
duction in  their  plants,  and  since  1910  the  iron  and  steel  industry 
has  been  increasingly  putting  more  and  more  insistance  upon  the 
elimination  of  dangers  and  the  lessening  of  the  accident  risk  in  the 
occupation.  In  1909-10  the  Federal  Department  of  Labor  conducted 
an  intensive  investigation  into  the  accidents  and  accident  prevention 
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in  the  industry.  In  the  main,  the  report  of  the  investigation  was 
statistical  and  it  showed  unmistakably  the  imusual  as  well  as  the 
ordinary  causes  of  accidents  characteristic  of  blast  furnaces  and  steel 
works  plants.  It  showed  that,  in  addition  to  accidents  occurring  by 
reason  of  falls,  falling  objects,  railroad  equipment,  machinery,  hand 
labor,  etc.,  causes  not  essentially  different  from  those  encountered  in 
other  occupations,  a  considerable  proportion  of  the  accidents  were 
caused  by  strictly  occupational  hazards,  which  might  be  classed  as 
metallurgical  accidents.  Among  these,  asphyxiation  from  gas,  bums 
from  cinder  and  hot  metal,  and  injuries  from  explosions^  breakouts, 
and  slips  in  the  furnaces  are  typical  of  the  industry. 

It  was  felt  that  the  work  peculiarly  open  to  the  Bureau  of  Mines 
was  a  study  of  the  metallurgical  accidents,  because  little  intensive  re- 
lated study  had  been  devoted  to  them,  and  because  the  other  aspects 
of  safety  work  were  being  adequately  taken  care  of  by  State  depart- 
ments, the  National  Safety  Council,  and  by  the  efforts  of  the  ma- 
jority of  the  large  companies.  The  bureau's  work  has  accordingly 
been  largely  concerned  with  the  hazards  peculiar  to  the  industry. 

The  investigation  of  accidents  and  of  safety  devices  at  blast  fur- 
nace plants  has  been  finished.    It  has  necessitated  much  travel — all 
districts  of  the  country,  with  the  exception  of  the  Colorado  district, 
having  been  visited  at  least  once — ^many  interviews  with  men  man- 
aging, operating,  and  working  at  the  various  blast  furnace  plants, 
the  compiling  of  considerable  information  on  operating  and  con- 
structional features,  the  study  of  hundreds  of  accidents,  and  the 
observation  of  furnace  methods  and  practice.    The  result  of  this  in- 
vestigation is  represented  in  four  reports  submitted  for  publication. 
One  constitutes  a  manual  of  safe  practices  for  furnace  foremen  and 
men.^    A  second  is  devoted  to  asphyxiation  from  blast-furnace  gas.^ 
A  third  report  treats  in  detail  of  blast-furnace  breakouts,  explosions^ 
and  slips.^ 

In  cooperation  with  the  Pennsylvania  department  of  labor  and 
industry,  an  investigation  has  been  made  of  the  hazards  at  furnace 
plants  in  that  State  and  the  findings,  constituting  an  analysis  of  the 
accident  risk  and  methods  and  means  of  prevention,  have  been  sub- 
mitted for  publication.  The  report  takes  up  the  entire  field  of  acci- 
dents about  blast  furnaces,  and  every  type  of  accident  is  illustrated 
by  the  description  of  an  actual  occurrance,  together  with  discussion 
of  means  best  calculated  to  prevent  it. 

•  WUlcoz,  F.  H.,  Safe  practice  at  blast  fumacee ;  a  manual  for  foremen  and  men :  Tech. 
Paper  136,  Bureau  of  Mines,  1916,  73  pp.,  1  pi.,  43  figs. 

*  WiUcox,  F.  H.,  Asphyxiation  from  blast-furnace  gas :  Tech.  Paper  106,  Bureau  of 
Mines,  1916,  69  pp.,  8  pis.,  11  figs. 

«  Willcoz,  F.  H.,  Blast-furnace  breakouts,  explosions,  and  slips,  and  method  of  preven- 
tion: Bull.  130,  Bureau  of  Mines.     (In  press.) 
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COOPEBATION  OF  UNITED  STATES  PUBLIC  HEALTH  SE&VICE. 

In  the  safety  investigations,  as  in  other  divisions  of  the  work 
elsewhere  noted,  the  bureau  has  had  most  important  and  cordial 
cooperation  from  the  Public  Health  Service  through  the  detail  of 
surgeons. 

To  aid  in  improving  hygenic  conditions  a  plan  was  formulated  for 
the  investigation  of  the  health  of  workers  in  the  steel  and  metal- 
lurgical plants  of  the  Pittsburgh  district.  The  investigation  began 
April  16,  1915,  and  terminated  March  15,  1916.  During  that  time 
seven  of  the  largest  and  most  representative  steel  plants,  employing 
approximately  35,000  men,  were  visited.  A  general  survey  of  each 
plant  was  first  made  and  data  were  collected  on  such  subjects  as  the 
sanitary  condition  of  the  plants  as  a  whole,  the  character  of  the  work 
performed  by  the  employees,  the  amount  required,  and  the  condi- 
tions tinder  which  it  was  performed  as  far  as  each  of  these  might 
affect  the  health  of  steel  workers. 

A  detailed  study  was  then  made  of  each  condition  observed  that 
might  injuriously  affect  the  employees'  health,  with  a  view  to  devis- 
ing ways  and  means  by  which  these  health  hazards  could  be  elimi- 
nated or  minimized.    A  report  has  been  prepared  for  publication. 

COSBOSION  INVESTIOATIOirS. 

ECONOMIC  LOSSES  DUE  TO  COSBOSION. 

The  corrosion  of  metals  is  receiving  constantly  increasing  attention 
in  the  metallurgical  world  on  the  part  of  both  the  manufacturer  and 
the  user.  For  a  time  we  were  inclined  to  believe  that  modem  condi- 
tions of  service  and  the  demand  for  production  by  present-day 
methods  made  short  life  inevitable.  Fortunately  scattered  exampl^ 
of  long-lived  products,  and  the  activities  of  certain  investigators  and 
producers,  showed  that  improvement  in  material  was  within  the 
bounds  of  probability.  Such  improvement  has  been  marked  within 
recent  years,  and  it  seems  likely  that  we  have  by  no  means  reached 
the  limit  of  advancement  in  quality.  Again,  the  better  understanding 
of  the  underlying  causes  of  corrosion  is  opening  new  avenues  of 
attack  for  solution  of  the  problem. 

That  the  rusting  of  iron  and  steel  is  one  of  our  serious  economic 
and  conservation  problems  is  now  generally  admitted.  If  we  assume 
an  average  life  of  steel  of  33  years,  the  depreciation  charge  of  3  per 
cent  represents  in  this  country  a  yearly  loss  of  1,000,000  tons  of  prod- 
uct, valued  at  $30,000,000  to  $40,000,000  for  the  crude  or  semifinished 
material  alone,  exclusive  of  correlated  fabricating  costs.  The  in- 
evitable rusting  of  steel  may  be  justly  claimed  to  be  the  bulwark  of 
the  sine  industry,  as  60  per  cent  of  the  metallic  zinc  used  in  this 
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country  is  for  galvanizing  iron  and  steel  articles,  representing  an 
annual  outlay  of  $20,000,000  in  an  endeavor  to  protect  metals  from 
inevitable  decay.  Enormous  amounts  of  paint  are  used  in  a  like 
endeavor.  About  5,000,000  tons  of  coal  is  needed  in  the  production 
of  steel  to  replace  the  annual  waste  and  1,000,000  more  for  the  zinc 
that  is  annually  lost. 

No  estimate  can  be  made  of  the  value  of  the  brass,  bronze,  copper, 
aluminum,  nickel,  tin,  and  other  metals  and  alloys  used  in  machine 
parts,  as  sheathing,  for  plating,  etc,  to  protect  steel  or  as  a  substitute 
for  it  in  places  where  it  would  be  used  but  for  its  lack  of  resistance 
to  atmospheric  attack.  A  less  definite  sum  is  represented  in  the 
capital,  labor,  and  material  charges  for  steel  construction  of  a  costly 
design  necessitated  by  the  fact  that  the  corrosion  of  iron  and  steel 
destroys  any  assurance  that  we  may  utilize  the  full  measure  of  the 
valuable  properties  of  the  metal  for  an  unlimited  term  of  service. 

CHABACTEB   OF   BUBEAU'S   INVESTIQATIONS. 

The  bureau  commenced  its  systematic  studies  of  corrosion  some 
two  years  ago,  largely  on  account  of  the  great  importance  of  this 
subject  in  mines  where  pipes,  hoisting  cables,  tracks,  and,  in  fact, 
well-nigh  every  piece  of  underground  iron  and  steel  equipment  is 
exposed  to  unusually  severe  conditions  of  rusting. 

Extensive  investigations  in  the  field  have  been  made  to  determine 
the  resistance  of  various  grades  of  material,  including  protective 
coatings,  under  the  effect  of  a  wide  range  of  conditions  in  actual  use, 
but  it  would  be  difficult  in  the  ptesent  brief  compass  to  give  any 
serviceable  idea  of  this  material  as  a  whole. 

What  will  be  perhaps  even  more  interesting  to  the  general  reader 
is  some  idea  of  the  theory  that  has  for  a  long  time  dominated  the 
whole  field  of  practical  corrosion  studies  but  which  the  recent  inves- 
tigations of  the  bureau's  staff  have  shown  is  inadequate. 

NATTJBE  OP  COBBOSION  OF  KETALS. 

The  mechanism  of  corrosion  is  of  extreme  importance  as  under- 
lying any  investigation  of  the  problem.  Its  study  involves  research 
of  an  electrochemical  and  metallographic  nature.  This  phase  of  the 
problem  has  of  late  years  received  the  minor  share  of  attention, 
partly  because  the  commercial  interests  are  primarily  cono^med  with 
tests  that  will  prove  superiority  for  their  particular  products  and 
partly  because  the  electrolytic  theory  of  corrosion  has  been  rather 
generally  accepted,  and  in  ccmsequence  most  investigatois  have 
assumed  that  the  scientific  aspects  of  the  problem  were  largely  solved. 

The  electrolytic  theory  of  corrosion  is  based  on  simple  and  well- 
understood  principles;  their  application  to  corrosion  phenomena  in- 
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volres  modifications  of  detail  only.  For  the  generation  and  continu- 
ance of  electrolytic  action  certain  factors  are  essential,  namely,  two 
dissimilar  electrodes,  each  of  which  must  be  an  electrical  conductor; 
an  electrolyte  in  contact  with  both  electrodes ;  a  metallic  connection 
external  to  the  cell;  and  a  depolarizer  to  insure  continuity  of  elec> 
trolytic  actioiu  Steel  subjected  to  the  weather  presents  the  necessary 
factors.  The  heterogeneity  of  surface,  chemical  or  mechanical,  fur- 
nishes the  electrodes  of  dissimilar  character ;  the  moisture  of  the  air, 
in  its  natural  state  or  made  more  active  because  of  dissolved  carbon 
dioxide,  sulphurous,  or  other  gases,  is  the  electrolyte;  the  electrical 
circuit  is  completed  by  the  contact  of  the  electrode  spots  through  the 
body  of  the  steel;  the  oxygen  of  the  air  reacts  with  the  hydrogen 
Uberated  at  the  cathode  surface  and  removes  it  by  formation  of 
water,  thus  effecting  the  necessary  depolarization.  Electrolytic  action 
must  proceed  if  all  factors  are  present;  it  will  cease  if  any  one  is 
withdrawn.  At  points  where  the  iron  forms  the  anodic  electrode 
it  will  go  into  solution,  be  converted  immediately  into  the  hydrate, 
and  be  precipitated  upon  the  surface  as  such,  to  subsequently  undergo 
transition  to  the  familiar  hydrates  and  oxides,  which  are  more  com- 
monly called  rust. 

KLECTBOLYTIC  THEOBY  UNSATISFACTGBY. 

One  does  not  have  to  go  far  into  the  study  of  the  corrosion  problem 
to  be  forced  to  the  conclusion  that  many  of  the  actual  facts  observed 
in  service  tests  are  not  satisfactorily  accounted  for  by  the  usual  iuter- 
pretation  of  the  electrolytic  theory.  For  example,  iron  of  highest 
purity  should  be  most  immune  from  rusting,  and  such  rusting  should 
be  even  in  distribution,  with  absence  of  pitting.  And  yet  pure  iron 
does  rust,  and  it  does  pit  as  severely  as  do  impure  products,  especially 
in  some  service,  as  in  water  pipes. 

The  work  of  the  Bureau  of  Miues  during  the  past  year  has  been 
devoted  to  the  study  of  the  surface  influences,  particularly  of  the 
influence  of  rust  once  formed  on  the  progress  of  further  rusting. 
The  findings  have  received  the  general  approval  of  authorities  on 
corrosion  as  explaining  many  of  the  hitherto  seemingly  anomalous 
observations,  and  especially  the  differences  observed  in  the  corrosion 
of  pipe  as  compared  with  that  of  iron  exposed  to  the  weather,  and 
the  more  pronounced  pitting  common  to  iron  pipe. 

EFFECT  AND  KINDS  OF  BUST. 

In  brief,  the  investigation  has  shown  that  rust  once  formed  is 
a  factor  in  the  progress  of  rusting  at  least  equal  in  effect  to  those 
factors  universally  recognized  and  is  more  important  than  many 
{actors  that  are  subject  to  dispute  because  of  being  attended  with 
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detrimental  effects  of  considerable  magnitude.  It  has  been  found 
that  there  is  a  reversal  of  polarity  according  as  the  rust  is  wet  or 
dried.  As  regards  rust  freshly  formed  or  wet,  the  underlying  iron 
is  electropositive  to  the  surrounding  metal,  and  consequently  goes 
into  solution;  dried-out  rust,  on  the  other  hand,  assumes  a  negative 
polarity,  which  tends  to  reverse  in  time  after  the  rust  is  thoroughly 
wet.  This  observation  has  a  most  vital  bearing  upon  the  differences 
observed  in  rusting  under  various  conditions,  and  it  accounts  satis- 
factorily for  the  hitherto  enigmatical  pitting  noticed  in  water  pipes. 
A  most  important  finding  is  that  fresh  wet  rust  does  not  act  as  an 
electrode,  but  as  a  semipermeable  diaphragm  which  makes  the  under- 
lying iron  electropositive,  and  thus  promotes  its  solution,  and  that 
the  same  effects  may  be  obtained  by  colloidal  or  sedimentary  sub- 
stances.  This  fact  is  of  importance  in  explaining  many  effects  ob- 
served  in  iron  pipe  or  in  iron  used  under  water. 

Some  interesting  work  has  been  done  during  the  past  year  in  the 
detection  of  steel  scrap  in  wrought-iron  pipe  of  supposedly  genuine 
character.  Methods  for  such  detection  have  been  devised  and  will 
be  described  in  a  forthcoming  report,  so  that  the  information  may 
be  used  by  consumers  of  pipe. 

SLAG  nrVESTIOATIOirS. 

On  account  of  the  growth  and  expansion  of  the  iron  and  steel  in- 
dustry and  of  the  industries  which  depend  upon  an  abundant  supply 
of  iron  and  steel,  there  arose  at  the  beginning  the  last  century  an 
urgent  need  for  greater  economy  and  output  in  the  operation  of  the 
blast  furnace.  The  raw  materials  for  the  manufacture  of  iron  must 
needs  remain  iron  ore  and  coal;  and  with  the  exhaustion  of  the 
higher  grade  ores  the  industry  is  becoming  confronted  with  the 
problem  of  profitably  working  leaner  ores  or  ores  that  present  un- 
usual operating  difficulties. 

In  their  preliminary  survey  of  the  field  the  metallurgists  of  the 
bureau  chose  as  problems  demanding  scientific  investigation  the 
fluidity  of  blast-furnace  slags  and  its  relation  to  their  chemical  com- 
position, and  the  mechanism  and  physical  chemistry  of  the  desul- 
phurization  process — ^two  problems  intimately  associated  with  the 
realization  of  fuel  economy  and  the  production  of  high  grade  pig 
iron. 

FLUIDITY  OF  BLAST-FtTBNAGE  SLAaS. 

The  first  phase  of  these  investigations,  the  fluidity  of  blast-furnace 
slags,  has  for  many  years  been  the  subject  of  much  ^peculation  and 
theoretical  deduction  by  operating  men  and  scientists.  Prior  to  the 
present  investigations  there  had  been  no  reliable  conclusions  drawn 
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because   of  the  utter  lack  of  experimental  data  relating  to  the 
problem. 

The  function  of  the  slag  in  the  blast  furnace  is  the  elimination  of 
undesirable  impurities  from  the  iron  ore  in  such  a  maimer  that  the 
resulting  mass  may  be  easily  flushed  from  the  furnace  without  inter- 
rupting th-e  smelting  process.    This  requires  that  the  slag  be  suffi- 
ciently fluid;  that  is,  possess  a  low  enough  viscosity  to  flow  readily 
from  the  furnace  and  that  the  composition  of  the  slag  be  such  that 
it  can  efficiently  remove  the  last  traces  of  impurity  from  the  pig  iron. 
If  a  slag  is  so  refractory  that  the  blast  furnace  has  to  be  maintained 
at  an  abnormally  high  temperature,  the  result  is  a  high  consumption 
of  fuel  and  the  possibility  of  an  off-grade  product.    In  addition,  the 
high  temperature  shortens  the  life  of  the  furnace     At  present  the 
questions  involved  are  answered  mainly  by  rule-of -thumb  methods 
and  strict  observance  of  previous  practice.    It  is  the  aim  of  the 
bureau's  slag  investigations  to  furnish  metallurgists  and  f umacemen 
with  reliable  scientific  data  to  guide  them  in  their  choice  of  operating 
factors   and  to  make  possible  the  broadening  of  present  furnace 
practice  to  take  care  of  the  increasing  need  of  working  lean  and 
complex  ores. 

Since  the  begiiming  of  the  investigation  in  November,  1915,  the 
problem  of  slag  viscosity  has  been  successfully  solved,  so  far  as  the 
method,  apparatus,  and  technique  of  measurement  are  concerned,  by 
the  development  of  the  Feild  high-temperature  viscosimeter.  By 
means  of  this  apparatus  the  viscosity  of  slags  is  accurately  measured 
up  to  a  temperature  of  2,900*^  F.,  which  is  approximately  900°  higher 
than  had  been  reached  by  previous  investigations.  The  viscosity- 
temperature  relations  of  numerous  typical  conunercial  slags  have 
already  been  investigated,  and  similar  measurements  of  synthetic 
slags  are  under  way  to  show  the  effect  of  the  different  constituents, 
particularly  of  magnesia,  alumina,  titanium  oxide,  maganese  oxide, 
and  sulphur.  As  soon  as  these  investigations  are  completed  the  study 
of  the  desulphurization  of  pig  iron  and  its  relation  to  the  viscosity 
and  composition  of  slags  is  to  be  undertaken. 

The  electric  furnace  and  apparatus  used  in  these  investigations  is 
shown  in  Plate  XIV,  A.  The  furnace  and  its  accessories  were  con- 
structed in  the  instrument  and  machine  shops  of  the  bureau. 

Numerous  dag  samples  have  been  collected  from  blast-furnace 
plants  throughout  the  country,  and  these  are  being  investigated 
with  the  apparatus  with  a  view  to  applying  the  laboratory  results  to 
operating  practice. 

A  report  on  the  methods  of  measurement,  the  apparatus,  and  the 
laboratory  technique  used  in  the  viscosity  investigations  has  been 
published  by  the  Bureau  of  Mines  as  Technical  Paper  157.    The  re- 
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suits  of  further  research  will  be  published  from  time  to  time  as  the 
experimental  measurements  accumulate. 

It  is  earnestly  hoped  that  the  investigations  designed  to  promote 
efficiency  in  the  iron  and  steel  industry,  of  which  the  pres^it  gbady 
of  slags  is  the  beginning,  may  be  carried  to  their  logical  oon- 
clusion,  and  that  the  necessary  funds  and  equipment  may  be  made 
available  for  their  continuance. 


COCPESATIVE  nrVESTIOATIOHS  AT  SALT  LAKE  CITT,  UTAH. 

An  important  feature  of  the  bureau's  work  has  been  the  close  asso- 
ciation in  which  it  has  worked  with  the  universities  and  mining 
schools  of  the  country.  Nowhere  is  this  better  illustrated  than  in  the 
activities  of  its  Salt  Lake  City  station.  This  city  has  of  late  years 
become  an  extremely  important  mining  and  metallurgical  center. 
Some  four  years  ago  the  Legislature  of  Utah  granted  an  appropria- 
tion to  the  State  university  of  $7,500  a  year  for  metallurgical  re- 
search especially  looking  to  the  improvement  of  methods  for  treat- 
ing the  low-grade  and  complex  ores  of  the  State,  great  deposits  of 
which  were  then  either  lying  idle  and  unworkable  or  were  actually 
going  to  waste  in  the  mining  and  treatment  of  the  higher  grade  ore 
associated  with  them. 

The  university  authorities  sought  the  cooperation  of  the  Bureau 
of  Mines  in  the  carrying  out  of  this  important  research  work,  and  it 
was  finally  decided  to  put  one  of  the  bureau's  metallurgists  in  direct 
charge.    A  considerable  part  of  the  legislative  appropriation  men- 
tioned above  is  each  year  expended  on  a  number  of  fellowships, 
the  recipients  of  which  work  on  individual  problems  under  the  di- 
rection of  the  bureau's  metallurgist.    The  remainder  of  the  spedal 
fund  is  used  for  equipment,  supplies,  traveling  expenses,  etc.    The 
station  has  its  quarters  in  the  university  buidings  and  has  the  use 
of  the  university's  general  equipment,  such  as  its  library  and  labora- 
tories.   The  present  is  the  third  year  of  the  cooperation,  and  in  that 
time  the  work  has  developed  so  favorably  that  the  bureau  now  has 
seven   representatives   at  the  station   as  compared   with  the   one 
originally  there. 

SUMHABY  OF  BESTTLTS. 

The  important  results  obtained  in  connection  with  the  various 
investigations  conducted  by  the  station  during  the  year  were  as 
follows. 

BRINE-LEACHING  PBOCESS  FOB  LOW-GRAOE  AND  COMFLEX  0BE8  CX)NTAIinNG 

liEAD. 

As  stated  above,  one  part  of  the  work  of  the  Salt  Lake  station  is 
to  devise  processes  for  treating  low-grade  and  complex  nonferrous 
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ores  at  a  profit.  As  the  values  of  the  metals  in  the  ores  are  relatively 
small,  the  processes  must  necessarily  be  simple  and  inexpensive. 
For  this  reason,  in  devising  hydrometallurgical  processes,  an  attempt 
has  been  made  to  use  chemicals  and  such  raw  materials  as  are  to  be 
found  in  the  State,  especially  the  salt  in  the  Great  Salt  Lake,  and  the 
sulphur  gases  emanating  from  the  various  smelters  in  the  vicinity 
of  Salt  Lake  City,  which  are  not  at  present  utilized.  In  attempt- 
ing to  use  such  reagents  it  was  found  that  a  saturated  brine,  to 
which  some  sulphuric  acid  had  been  added,  would  dissolve  the 
lead  from  both  the  carbonate  and  the  sulphate  ores  of  that  metal, 
and  that  any  silver  present  as  the  chloride  would  also  be  dissolved. 
Lead  carbonate  ores  from  all  over  the  State,  and  from  all  over 
the  United  States,  have  been  tested  and  few  of  them  are  proved  to 
be  not  amenable  to  the  process.  From  the  brine  the  lead  can  be 
recovered  by  precipitation  with  lime,  or  by  the  use  of  the  electric  cur- 
rent. The  process  has  proved  remarkably  simple  and  the  brine  used 
in  dissolving  the  lead  from  the  ore  and  precipitating  it  in  the  metallic 
form  has  been  reused  time  and  again  without  deterioration.  In  fact, 
the  process  is  proving  to  be  about  as  simple  as  any  hydrometal- 
lurgical process  yet  devised.  It  is  being  further  tested  with  all  avail- 
able samples  of  ores  in  order  to  determine  its  limitations. 

If  the  process  proves  to  be  commercially  applicable,  great  bodies  of 
what  is  now  considered  to  be  waste  will  soon  be  regarded  as  ore. 

One  great  advantage  of  such  a  process  is  that  by  its  use  metal  can 
be  produced  Vt  the  mine,  which  has  never  been  done,  except  in  the 
cyaniding  of  gold  and  silver  ores,  and  to  some  extent  in  the  leaching 
of  copper  ores.  As  can  be  readily  understood,  if  the  valuable  metals 
of  an  ore  can  be  extracted  at  the  mine,  the  cost  of  hauling  the  ore  to 
a  smelter  is  eliminated.  This  of  course  means  cutting  down  the  ex- 
pense connected  with  the  treatment  of  the  ore,  in  turn  making  pos- 
sible the  profitable  treatment  of  a  lower  grade  of  rock. 

The  application  of  such  a  process  also  means  the  avoidance  of 
waste,  for  at  present  ores  that  can  not  be  treated  as  a  profit  are  left 
in  the  mines,  being  generally  used  for  filling  stopes,  and  hence  ulti- 
mately lost. 

KECOVEBY  OF  LEAD  AND  ZINC  FROM   MIXED  SULPHIDES. 

As  a  rule,  in  treating  ores  containing  a  mixture  of  lead  and  zinc 
sulphides  for  the  recovery  of  their  lead  or  their  zinc,  either  the 
lead  or  the  zinc  is  lost.  Moreover,  the  lead  smelter  penalizes  the  shipper 
of  an  ore  if  it  contains  zinc  in  excess  of  a  certain  stipulated  per  cent, 
say  10  per  cent,  and  the  zinc  smelter  does  the  same  if  the  ore  contains 
lead  in  excess  of  a  certain  stipulated  per  cent.  Consequently  the 
separation  of  the  two  metals  from  each  other  as  completely  as  pos- 
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sibld  is  important.  Much  attention  has  been  given  to  this  problem  by 
the  metallurgists  at  the  Salt  Lake  station,  and  as  a  result  of  their 
work  they  have  devised  a  process  whereby  the  mixed  sulphides,  plus 
a  small  per  cent  of  common  salt,  are  given  a  preliminary  roast,  which 
converts  practically  all  of  the  lead  to  a  form  soluble  in  a  saturated 
brine. 

The  zinc  sulphide  is  untouched  by  the  roast  and  can  often  be 
removed  from  the  remaining  iron  sulphide  by  flotation.  Certain 
zinc  ores  and  zinc  concentrates  obtained  as  a  result  of  ordinary 
gravity  processes  of  concentration  often  contain  a  considerable 
amount  of  lead,  for  which  as  a  rule  nothing  is  paid,  unless  the  lead- 
zinc  ore  is  sold  to  manufacturers  of  pigment,  or  contains  enough  lead 
and  silver  to  warrant  sending  the  residue  from  the  zinc  plant  to  a 
lead  smelter.  Even  then,  only  60  per  cent  of  the  value  of  the  silver  in 
the  residue  will  be  paid  for  at  the  prevailing  market  price  and 
only  60  per  cent  of  the  lead  at  2  cents  per  pound,  whereas  the  normal 
market  price  for  metallic  lead  in  pigs  is  about  4  to  5  cents  a  pound. 

Thus  we  see  that  there  is  need  of  a  process  that  will  save  the  lead 
that  is  now  lost  altogether  and  will  allow  the  miner  to  get  a  money 
return  for  the  greater  part  of  this  lead.  When  tried  in  the  labora- 
tory the  process  described  above  satisfactorily  extracted  the  lead 
from  the  mixed  sulphides  of  lead  and  zinc. 

APPLICATION  OF  OIIi-FI/>TATION  PROCESS  TO  ORB  SLIMES. 

In  the  concentration  of  ores  by  ordinary  gravity  processes,  heavy 
losses  of  the  metal-bearing  contents  of  the  ore  often  occur,  because  the 
necessary  crushing  and  grinding  convert  some  of  the  minerals  into 
fine  slimes  which  are  not  recovered  in  the  process  of  concentration 
For  this  reason  an  investigation  was  undertaken  that  had  for  its 
object  the  recovery  of  these  slimes  by  the  oil-flotation  process^ 

The  investigation  has  shown  that  it  is  possible  to  apply  the  flota- 
tion process  to  the  treatment  of  some  of  the  lead  carbonate  ores 
not  amenable  to  the  brine-leaching  processes  previously  described. 
If  silver  insoluble  in  brine  is  present  in  noteworthy  amounts,  the 
flotation  process  recovers  both  the  lead  and  the  silver  in  a  high- 
grade  concentrate,  which  can  be  sold  to  the  smelters.  Furthermore, 
ores  of  lead  carbonate  that  contain  too  many  acid-consuming  min- 
erals to  permit  brine  leaching  are  amenable  to  the  flotation  process. 

Thus  it  will  be  noted  that  as  a  result  of  the  investigations  car- 
ried on  at  the  Salt  Lake  City  station  during  the  past  year  processes 
have  been  devised  that  permit  the  treatment  of  various  carbonate 
ores  of  lead.  Their  importance  as  regards  the  treatment  of  low- 
grade  lead  carbonate  ores  can  not  be  overestimated. 
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B£GOV£RT  OF  ZINC  FROM  LOW-GRADE  OR  CX)HFLEX  ORES. 

During  the  past  two  years  many  proposed  processes  for  the  treat- 
ment of  the  oxidized  ores  of  zinc  have  been  investigated  at  the 
Salt  Lake  City  station.  In  the  treatment  of  most  ores  the  proposed 
hydrometallurgical  processes  have  been  found  to  present  serious  dif- 
ficulties. On  the  other  hand,  zinc  sulphide  ores  are  at  present  being 
very  successfully  treated  by  such  processes.  Owing  to  the  difficulties 
encountered  in  attempting  to  apply  hydrometallurgical  processes  to 
oxidized  ores  of  zinc,  an  igneous  concentration  process  was  tested, 
with  encouraging  results.  The  process  consists  in  blowing  a  blast 
of  air  through  a  mixture  of  oxidized  zinc  ore,  coke,  and  limestone. 
As  a  result  the  zinc  oxide  was  drawn  off  as  a  fume,  which  could 
have  been  collected  in  a  bag  house,  or  by  electrostatic  precipitation. 
The  ore  from  which  the  zinc  has  been  volatilized  forms  a  slag  in  the 
furnace  and  is  tapped  out  in  the  usual  manner.  The  commercial  ap- 
plication of  such  a  process  is  also  important,  as  at  present  there  is  no 
process  being  used  that  permits  the  successful  concentration  of  low- 
grade  oxidized  ores  of  zinc.  Such  ores  have  been  accumulating  in 
all  of  the  important  mining  districts  of  the  United  States,  especially 
in  Utah,  where  there  are  large  deposits  of  such  ores. 

SULPHUROUS  ACID  PROCESS  FOR  COPPER  AND  ZINC-UEAD  ORES. 

During  the  past  fiscal  year  an  investigation  has  been  made  to 
develop  a  method  of  utilizing  the  sulphur  gases  of  the  smelters,  which 
are  now  not  only  wasted  but  at  many  smelters  do  damage  to  adjacent 
vegetation.  The  sulphur  dioxide,  which  is  the  most  important  con- 
stituent of  these  gases,  is  an  excellent  solvent  for  the  oxides  of  zinc 
and  copper.  However,  in  connection  with  the  use  of  the  gas  as  a 
leaching  agent  there  are  still  problems  to  be  solved,  among  which 
may  be  mentioned  the  obtaining  of  the  gas  from  ordinary  smelter 
gases  in  a  sufficiently  concentrated  form  and  the  subsequent  pre- 
cipitation of  the  metal  from  the  sulphurous  acid  solution.  Both  of 
these  problems  have  already  occupied  the  attention  of  many  investi- 
gators, and  the  former  was  studied  at  the  Panama-Pacific  Exposition 
laboratories  of  the  bureau,  as  detailed  elsewhere  in  this  report.  A 
commercial  method  has  been  worked  out  for  obtaining  copper  from 
low-grade  oxidized  ores  of  copper  by  burning  elemental  sulphur  for 
the  production  of  sulphur  gases.  The  investigation  outlined  will  be 
continued. 

PRODUCTION  OF  ZINC  DUST  FROM   SOLUTIONS  OF  ZINO. 

Since  the  advent  of  the  European  war  zinc  dust,  which  is  used  in 
connection  with  the  cyanide  process  for  the  precipitation  of  gold  and 
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silver  from  cyanide  solutions,  has  been  hard  to  obtain.  For  this 
reason  an  investigation  was  uhdertaken  which  had  for  its  object  the 
preparation  of  zinc  dust  from  solutions  of  zinc  by  an  electrolytic 
method.  Promising  results  were  obtained.  Moreover,  the  zinc  dust 
obtained  was  of  higher  efficiency  than  the  ordinary  zinc  dust  of 
commerce. 

CONTROL  OF  ORE  SUMES. 

In  the  crushing  and  fine  grinding  of  ores  in  concentration  processes 
slimes  are  produced,  and  many  of  the  tanks  required  for  the  settling 
of  these  slimes  cover  a  large  amotmt  of  floor  space.  G>nsequently 
any  method  by  which  these  slimes  could  be  quickly  settled,  so  that 
the  number  of  tanks  or  vats  required  would  be  decreased,  would  result 
in  the  saving  of  considerable  floor  space  and  cost  of  tanks  and  hence 
permit  treating  the  ore  at  less  cost.  A  study  was  undertaken  with 
a  view  to  developing  such  a  method.  Encouraging  results  were  ob- 
tained. For  instance,  it  was  found  that  if  certain  mills  should  adopt 
the  methods  developed  at  the  Salt  Lake  City  station  the  cost  of  the 
slime-settling  machinery  could  be  reduced  by  about  one-half. 

WOBX  nr  SOTTTHWESTEBN  MISSOITBI  LEAD  AHD  ZDTC  DISTBICT. 

A  detailed  study  of  conditions  in  the  lead  and  zinc  mines  and  mills 
of  the  southwestern  Missouri  district,  with  especial  reference  to  effi- 
ciency and  losses  in  milling,  was  carried  on  during  the  past  y^ar. 
This  work  was  undertaken  in  cooperation  with  the  State  School  of 
Mines  of  Missouri,  and  the  following  features  were  studied:  The 
character  of  the  ore  and  gangue  and  the  economic  geology  of  the,  ore 
deposits;  the  efficiency  of  the  milling  methods;  the  possibilities  of 
flotation  as  applied  to  the  Joplin  ores.  This  study  was  closely  corre- 
lated with  the  work  of  the  bureau's  mining  division  in  the  district. 

Some  interesting  and  valuable  data  were  obtained  from  the  study 
of  the  efficiency  in  the  milling  practice  and  from  the  results  of  de- 
tailed mill  teste.  The  mill  tests  showed  especially  where  the  losses 
were  taking  place  in  the  mills  and  assisted  greatly  in  determining 
what  commercial  improvements  are  possible.  The  information  col- 
lected is  to  be  published  in  a  bulletin  by  the  bureau. 

COOPEBATIVE  HETALLITSGICAL  EXHIBIT  AHB  LABOEATOBY  AT 

PANAMA-PACIFIC  EXPOSITION. 

Another  good  illustration  of  how  the  Bureau  of  Mines  has  en- 
deavored in  every  way  open  to  it  to  cooperate  with  the  industry 
itself  and  take  advantage  of  each  special  opportunity  presented  to 
bring  the  fruits  of  its  work  home  to  all  the  people  who  may  be  able 
to  use  them  is  found  in  the  cooperative  metallurgical  exhibit  and 
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laboratory  (PL  XV)  maintained  at  the  Panama-Pacific  International 
Exposition. 

The  organization  of  the  cooperative  metallurgical  exhibit  resulted 
from  a  number  of  conferences  held  during  the  summer  of  1914  be- 
tween representatives  of  the  exposition  management  and  of  the 
Bureau  of  Mines. 

Plans  were  developed  for  a  group  of  metallurgical  laboratories 
where  serious  experimental  work  could  be  carried  out.    However,  in 
view  of  the  high  educational  mission  of  the  exposition  and  the  un- 
usual opportunity  offered  by  it  of  presenting  to  the  nontechnical 
public  a  panoramic  view,  as  it  were,  of  the  highly  important  but  rela- 
tively unfamiliar  metallurgical  processes  practiced  in  the  West,  a 
number  of  features  of  a  general  and  popular  character,  such  as  charts, 
photographs,  and  operating  models  were  included.    In  addition  to 
the  equipment  for  the  experimental  laboratories  a  number  of  full- 
sized  pieces  of  metallurgical  machinery  were  included  in  the  exhibit. 
Owing  to  the  fact  that  the  Government  funds  available  were  in- 
adequate to  make  the  project  as  broacLand  representative  as  possible 
it  was  decided  to  seek  the  cooperation  of  the  mining  and  smelting 
companies  and  the  manufacturers  of  metallurgical  equipment,  who 
gave  the  project  hearty  and  generous  support.    The  cooperation  of 
the  mining  departments  of  the  neighboring  universities  was  also  pro- 
cured.   A  fund  of  about  $15,000  was  subscribed  in  addition  to  loans 
of  apparatus  and  equipment  representing  an  investment  of  at  least 
$25,000. 

The  exhibit  occupied  approximately  7,000  square  feet  of  floor  space 
near  the  entrance  of  the  Palace  of  Mines  and  Metallurgy.  The  atten- 
tion of  the  visitor  entering  the  building  was  usually  arrested  by  the 
bright  glow  from  the  battery  of  assay  furnaces  situated  near  the  rail- 
ing surrounding  the  open  laboratory  space.  Located  conveniently 
near  these  furnaces  was  a  group  of  crushing,  grinding,  sampling,  and 
screening  apparatus.  Just  back  of  the  assay  furnaces  was  a  large 
roller  agitator  for  solutions,  and  laboratory  work  benches.  The 
equipment  formed  the  so-called  hydrometallurgical  laboratory  for  the 
study  of  ore  treatment  by  wet  processes.  During  the  period  of  the 
exposition  several  investigations  were  carried  out  in  this  laboratory, 
including  studies  of  the  cyanide  treatment  of  complex  silver  minerals, 
the  behavior  of  aluminum  as  a  precipitant  of  gold  and  silver,  and  the 
comparative  eflSciencies  of  wet  and  of  dry  methods  of  screening.  It 
will  be  noted  that  these  investigations  were  all  of  a  general  nature, 
dealing  with  questions  of  fundamental  importance  to  the  industry. 
This  same  consideration  was  a  fundamental  criterion  in  the  selection 
of  problems  for  study  in  other  sections  of  the  laboratory. 
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HTDROMETALLXTBOICAL  INVESTIOATIOH8. 

At  this  point  it  seems  wise  to  outline  the  general  character  of  the 
bureau's  hydrometallurgieal  investigations.  These  concern  the  treat- 
ment of  ores  of  the  precious  and  base  metals  by  wet  methods,  as  dis- 
tinguished from  pyrometallurgical  practice,  or  the  recovery  of  metals 
by  igneous  fusicm.  The  object  of  the  investigations  is  to  lead  to  a 
clearer  and  better  understanding  of  the  processes,  in  order  that  their 
operation  may  be  under  better  control.  There  are  two  lines  of  pos- 
sible improvement  in  all  such  processes,  or,  for  that  matter,  in  any 
recovery  process^  either  metallurgical  or  chemical — the  percentage  of 
recovery  may  be  improved,  or  the  cost  of  making  a  given  recovery 
may  be  lowered.  Either  makes  possible  the  economical  treatment  of 
lower  grade  ores — material  that  remains  waste  until  such  a  time  as  it 
can  be  profitably  treated. 

The  settling  of  finely  divided  suspensions  in  water,  or  in  solvents 
that  may  be  used,  is  of  considerable  moment  in  hydrometallurgieal 
work.  Such  material  is  referred  to  in  mill  parlance  as  ^  slime.'^  As 
there  was  no  sound  laboratory  method  known  for  ascertaining  the 
settling  capacity  necessary  for  a  mill  handling  a  particular  ore,  the 
development  of  such  a  method  was  taken  up.  Work  upon  this  prob- 
lem was  carried  out  both  at  the  exposition  and  in  the  field,  a  consid- 
erable number  of  mining  companies  cooperating  in  furnishing  data 
of  actual  operation.  The  results  of  mill  operation  were  found  to 
check  reasonably  close  with  those  obtained  by  the  laboratory  method. 

STUDY  OF  BEHAVIOR  OF  ALUMINUM  IN  CYANIDE  SOLUTIONS. 

The  behavior  of  aluminum  in  cyanide  solutions  was  investigated, 
as  metallic  aluminum  is  used  as  a  precipitant,  replacing  zinc  in  cer- 
tain cases,  and  furthermore,  aluminum  in  a  soluble  form  occurs  in 
certain  gold  and  silver  ores.  On  account  of  the  fact  that  there  was 
little  specific  knowledge  regarding  the  behavior  of  aluminum  in 
cyanide  solutions,  the  reactions  occurring  between  metallic  aluminum 
and  the  caustic  alkalies  were  investigated,  and  a  particular  study 
was  made  of  the  ore  and  pulp  from  the  Goldfield  Consolidated  mine, 
Goldfield,  Nev.,  as  that  ore  is  one  of  the  best  examples  of  the  occur- 
rence of  soluble  aluminum  salts  in  a  precious-metal  ore.  The  alumi- 
num occurs  as  sulphate,  and  is  the  result  of  the  decomposition  of 
various  minerals  containing  aluminum. 

This  work  has  been  completed,  and  the  chemical  reactions  taking 
place  under  the  conditions  of  mill  operati(m  have  been  established. 
Space  is  not  available  for  recording  a  complete  outline  of  the  results, 
but  the  more  important  conclusions  reached  were  that  there  are  two 
alumiiiatesof  calcium  formed,  namely,  a  primary  aluminate  when  alu- 
mina predominates,  and  a  secondary  aluminate  when  lime  is  in  excess. 
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The  primary  aluminate  is  soluble,  whereas  the  secondary  aluniinate  is 
not ;  therefore,  in  mill  operation,  if  troublesome  insoluble  aluminum 
compounds  in  the  precipitate  are  to  be  avoided,  the  amount  of  lime 
used  in  milling  must  be  restricted  to  no  more  than  that  necessary  to 
form  the  soluble  aluminate.  It  might  be  explained  that  lime  is  uni- 
versally used  as  a  source  of  alkali  in  cyanide  woris:,  and  also  as  an 
aid  in  the  settling  of  slime ;  hence,  if  almninum  is  present,  it  is  impor- 
tant to  know  the  behavior  of  the  calcium  aluminates  formed  in  the 
humid  way.  Upon  the  addition  of  lime  during  cyanide  treatment, 
first  the  primary  and  then  the  secondary  aluminate.  is  formed.  Pres- 
ence of  aluminum  accounts  for  the  rather  high  lime  consumption  in 
treating  such  ores.  It  was  found  that,  contrary  to  popular  supposi- 
tion, precipitated  aluminum  salts  did  not  cause  cyanide  wastes  by 
carrying  down  with  them  adsorbed  cyanide  when  the  sulphates  were 
present.  On  the  other  hand,  during  precipitation  of  cyanide  solu- 
tions  with  metallic  aluminum,  under  certain  circumstances  when  an 
aluminum  salt  is  precipitated,  cyanide  is  lost  through  adsorption.  In 
connection  with  this  investigation,  it  was  found  that  too  long  contact 
of  the  solution  with  the  precipitant,  whether  aluminum  or  zinc, 
caused  a  loss  of  cyanide,  probably  through  decomposition  by  the 
nascent  hydrogen  evolved. 

EFFICIENCT  OF  CRUSHING  MACHINES. 

In  ascertaining  the  efficiency  of  crushing  machines,  as  well  as  in 
the  study  and  control  of  all  hydrometallurgical  processes,  small-scale 
screen-sizing  tests  are  of  the  greatest  value.  In  order  that  the  work 
of  one  mill  may  be  compared  with  that  of  another,  it  is  necessary 
that  a  uniform  screen  scale  be  used  by  all  operators,  and,  further- 
more, that  a  uniform  method  of  making  the  sizing  test  be  employed. 
Unfortunately,  in  the  past  much  confusion  has  existed,  both  as  re- 
gards the  screen  scale  and  the  method  of  making  the  test,  therefore 
it  is  often  not  possible  to  compare  directly  the  results  of  different 
mills.  It  was  with  the  end  in  view  of  establishing  a  standard  method 
of  performing  sizing  tests,  as  well  as  for  the  purpose  of  ascertaining 
the  limitation  of  such  a  method,  that  this  subject  was  taken  up.  In 
brief,  the  work  so  far  done  demonstrates  that  satisfactory  sizing  tests 
may  be  made  either  by  hand  or  with  a  machine. 

It  must  be  emphasized,  however,  that  certain  precautions  must  be 
observed  if  consistent  results  are  to  be  obtained,  and,  furthermore,  it 
must  be  expected  that  considerable  time  will  be  consumed  in  making 
sizing  tests  by  hand.  In  the  sizing  of  crushed  ores  it  is  essential  to 
remove  the  finely  divided  amorphous  material  by  washing  prior  to 
screen  sizing.  If  this  is  done,  concordant  results  can  be  obtained, 
but  if  sizing  of  the  original  material  without  such  washing  is  at- 
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tempted,  the  time  neoessary  for  tKe  operation  is  increased  oj  reaacm 
of  the  clogging  of  the  finer  screens  by  the  fine  material,  and,  foiiher- 
more,  the  proportion  of  the  coarser  sizes  is  greater,  by  reason  of  the 
fact  that  the  fine  clay  particles  adhere  to  the  coarse  sizes.  The  only 
way  to  insure  their  removal  is  by  preliminary  washing,  as  previously 
pointed  out. 

c:yanidation  of  silver  ores. 

Silver  occurs  in  a  great  variety  of  combinations  with  other  elements, 
so  that  rather  complex  and  obscure  reactions  and  frequent  irregulari- 
ties happen  when  silver  ores  are  treated  by  the  <^anide  process. 
Jlence,  the  investigation  of  the  cyanidation  of  silver  ores  has  been  un- 
dertaken and  considerable  progress  has  been  made.  The  first  step  has 
been  to  study  the  behavior  of  various  synthetic  ores  prepared  from 
pure  silver  minerals.  The  work  so  far  has  been  confined  to  argentite 
(sulphide  of  silver),  polybasite  (sulpho-antimonite  of  silver  and 
copper),  and  to  pyrargyrite  (sulpho-antimonite  of  silver).  These 
are  the  more  commonly  occurring  silver  minerals. 

The  work  has  not  proceeded  sufficiently  far  to  warrant  definite  con- 
clusions regarding  all  the  points  involved,  but  it  is  being  continued 
and  detailed  reports  will  later  be  made.  In  general  it  has  been  found 
the  polybasite  is  greatly  benefited  by  the  presence  of  a  lead  salt,  as 
is  also  argentite.  The  definite  results  so  far  obtained  tend  to  show 
that  the  opposite  is  true  as  regards  pyrargyrite.  This  is  of  particular 
interest,  as  the  addition  of  a  small  amount  of  lead  acetate  to  cyanide 
liquors  is  a  common  practice  in  mills  but  is  based  almost  entirely 
on  rule-of -thumb  data. 

ASSAYING  EXHIBIT.  % 

The  assaying  work  conducted  in  connection  with  the  investigations 
mentioned  above  attracted  much  interest  at  the  expositicm,  and  by 
means  of  a  graphic  chart  placed  next  to  the  aisle  visitors  were  able 
to  follow  the  many  mysterious  and  seemingly  intricate  operations 
of  the  "  fire  assay." 

COFPEB  AND  LEAD  SMELTING  IiABOBATOBY. 

Beyond  the  hydrometallurgical  laboratory  was  a  section  devoted  to 
the  study  of  problems  arising  in  the  smelting  of  copper  and  lead 
ores.  The  equipment  of  this  laboratory  included  a  multiple-hearth 
roasting  furnace  of  special  design,  a  tilting  furnace,  cooling  and 
scrubbing  towers  for  gases,  apparatus  for  cleansing  gases  of  dust 
and  fume  by  the  process  of  electrical  precipitation,  and  equipment 
such  as  pyrometers  and  draft  gages.  The  investigations  in  this 
laboratory  which  centered  around  the  smelter-fume  problem  included 
the  distillation  of  sulphur  from  pyritic  ores  in  roasting  practice  and 
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a  critical  study  of  the  Thiogen  process  of  sulphur  recovery.  A  de- 
tailed discussion  of  these  problems  may  be  found  oa  a  later  page  on 
smelter-flume  problems. 

BAIiANCE  BOOM  AND  MISCELLANEOUS  EXHIBITS. 

Adjoining  this  laboratory  was  the  glass-inclosed  balance  room 
where  the  delicate  weighing  operations  involved  in  assaying  and 
analytical  work  were  carried  out.  Next  to  this  on  the  west  side  of 
the  block  was  the  general  display  room  containing  several  colored 
charts  illustrating  present  metallurgical  practice  in  the  treatment 
of  copper  and  lead  ores,  working  models  of  metallurgical  equipment, 
and  photographs  and  samples  of  ore  and  metallurgical  products. 
Adjoining  this  was  a  room  used  as  a  general  office  in  which  was 
a  fairly  complete  collection  of  chemical  and  metallurgical  handbooks, 
as  well  as  files  of  scientific  journals.  These  books  were  open  to  the 
public  for  reference  at  all  times  and  were  used  by  many. 

The  remainder  of  the  western  half  of  the  block  was  occupied  by 
the  metallographic  and  chemical  laboratories  which,  owing  to  the 
delicate  nature  of  the  apparatus  employed,  were  surrounded  by  glass 
partitions.  In  these  laboratories  chemical  and  microscopic  studies 
supplementing  the  work  in  the  metallurgical  laboratories  were  made. 
Original  investigations  were  also  conducted  there,  including  a  study 
of  the  reactions  between  the  sulphides  of  iron  and  water  vapor, 
sulphur  dioxide,  and  other  gases  at  elevated  temperature;  the  form 
in  which  metal  losses  occur  in  slag  from  copper  smelting;  and  the 
behavior  of  chemical  absorbents  for  sulphur  dioxide  from  smelter 


On  the  east  side  of  the  block  was  a  group  of  the  standard  ma- 
chinery used  for  the  extraction  of  gold  and  silver  by  the  cyanide 
process,  covering  nearly  every  step  of  practical  operation. 

At  the  northeast  comer  of  the  block  was  a  model  sampling  mill. 

FOPTJLABITY  AND  VALUE  OF  EXHIBIT  AS  A  WHOLE. 

The  exhibit  proved  popular,  and  in  addition  to  gratifying  the  casual 
interest  of  visitors,  it  was  unquestionably  of  great  educational  value. 
Classes  from  neighboring  high  schools,  normal  schools,  and  universi- 
ties were  conducted  through  the  exhibit  by  members  of  the  staff, 
who  explained  the  work  in  progress  in  the  various  laboratories,  also 
the  general  metallurgical  process  with  which  the  investigations  were 
concerned.  The  laboratories  were  open  at  all  times  to  visitors  who 
desired  an  intimate  view  of  the  experimental  work.  In  the  demon- 
stration work  the  guiding  thought  was,  first,  to  set  forth  the  latest 
developments  in  metallurgical  practice  and,  second,  to  show  how, 
in  line  with  the  modem  trend  in  all  industries,  exact  and  highly 
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specialized  laboratory  investigations  are  leading  the  way  to  increased 
efBciency  and  economy  and,  therefore,  to  a  great  consenratioii  of  both 
our  material  and  human  resources. 

One  of  the  most  significant  things  about  the  exhibit  was  the  broad 
spirit  of  cooperation  shown  by  the  many  collaborators.    In  organiz- 
ing the  exhibit  an  earnest  e£fort  was  made  to  invite  the  cooperation 
of  all  the  important  companies  in  the  smelting  industry.    Naturally, 
Bome  companies  found  themselves  unable  to  participate,  but  all  who 
expressed  a  desire  to  do  so  were  included  in  the  plans.    It  is  felt 
that  the  precedent  established  by  the  cooperation  between  industrial 
organizations,  universities,  and  a  governmental  bureau  for  a  broad 
public  purpose  such  as  that  represented  by  the  exposition  will  prove 
of  much  value  in  the  years  to  come.    The  occasion  of  the  exj>o6ition 
supplied,  as  it  were,  the  psychological  time  for  undertaking  such 
a  project,  and  it  is  indeed  gratifying  that  in  addition  to  much  valu- 
able  work  accomplished  at  the  exposition  further  results  m^ty  be 
expected  from  the  continuation  of  the  work  at  the  two  neighboring 
universities,  as  told  more  in  detail  elsewhere. 

In  carrying  through  a  project  of  this  sort  many  difficulties  had 
to  be  overcome,  and  the  closest  sort  of  cooperation  between  the 
officials  of  the  Bureau  of  Mines  and  the  officials  of  the  exposition 
was  absolutely  essential.  The  success  attained  bears  excellent  witness 
of  the  effectivtttiess  of  this  cooperation,  and  the  members  of  the 
bureau's  staff  appreciate  highly  the  cordial  spirit  encountered  in  all 
their  dealings  with  the  exposition  authorities. 

SMELTEB-FUME  INVESTIGATIONS. 

As  stated  previously,  the  bureau's  work  on  metallurgy  practically 
commenced  with  a  study  of  smelter  fume,  and  this  subject  has 
continued  to  receive  considerable  attention  up  to  the  present  tone. 

The  attention  of  a  visitor  at  one  of  the  large  copper  or  lead  ore 
reduction  works  is  often  arrested  by  the  tremendous  quantity  of 
molten  slag  that  is  continually  being  discharged  from  trains  of  slag 
cars  and  which,  flowing  down  the  sides  of  the  slag  dump,  suggests 
lava  flowing  down  the  mountain  side  from  a  miniature  v<dcano. 
The  tailings  from  the  concentrating  mill  f<M:*m  an  even  greater  mass 
of  waste  material  which,  accumulating  year  after  year,  frequently 
builds  up  artificial  mounds  more  than  100  feet  high  and  covering 
many  acres. 

Gazing  on  these  huge  accumulations  of  waste  material  one  is 
prompted  to  inquire  whether  they  do  not  still  contain  mat^al  of 
value^  and  in  passing  it  may  be  mentioned  that  the  great  improve- 
ments made  in  metallurgical  processes  in  the  last  few  years  have 
made  it  possible  to  profitably  rework  this  material  at  several  plants. 
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The  huge  fume  cloud  emitted  by  the  main  stack  of  the  smelter, 
although  presenting  a  striking  spectacle  as  it  stretches  for  miles 
across  the  country,  is  not  likely  to  suggest  to  the  visitor  the  same 
possibilities  of  potential  value  as  the  enormous  accumulations  of 
waste  mentioned.  It  is  hard  to  realize  that  the  weight  of  the  gases 
leaving  the  smelter  stack  is  frequently  more  than  ten  times  as  great 
as  that  of  the  slag  that  the  plant  produces,  and  perhaps  three  or  four 
times  as  great  as  that  of  the  tailings  discharged  from  the  concentrat- 
ing plant. 

Although  the  major  part  of  this  gas  is  air  from  which  the  oxygen 
has  been  partly  removed  in  the  various  processes  through  which  it 
has  passed,  the  gas  stream  often  contains  other  material  that,  if  it 
could  be  collected  in  serviceable  condition,  would  be  worth  a  veritable 
king's  ransom.  The  substances  in  the  gas  stream  may  be  divided  into 
two  classes,  namely,  minute  suspended  particles  of  solid  and  liquid 
matter,  the  so-called  dust  and  fume,  which  render  the  stack  dis- 
charge visible  to  the  eye,  and  the  truly  gaseous  material  which  is 
by  itself  invisible.  The  suspended  matter  is  composed  of  minute 
particles  of  ore  and  other  substances  from  the  furnace  charge,  which 
are  mechanically  carried  out  by  the  rapidly  moving  gases,  and  also 
of  material  that  has  been  volatilized  by  the  intense  heat  of  the  fur- 
naces and  subsequently  condensed  in  the  form  of  liquid  or  solid  par- 
ticles when  the  gases  have  somewhat  cooled,  just  as  atmospheric 
moisture  in  a  warm  moist  wind  from  the  south  condenses  into  fog 
when  striking  colder  currents  from  the  north. 

As  previously  indicated,  the  gaseous  part  of  the  stack  discharge 
consists  mainly  of  the  gases  of  the  atmosphere  with  which  are  mixed 
water  vapor  and  carbon  dioxide  from  the  combustion  of  fuel  in  the 
furnaces,  and  also  sulphur  dioxide  arising  from  the  burning  of  the 
sulphur  in  the  ore  by  oxygen  from  the  air. 

The  suspended  material  in  the  gas  stream  from  a  copper  smelter 
will  contain  in  general  not  only  copper  but  also  lead,  zinc,  gold, 
silver,  and  many  other  substances  associated  with  the  copper  in  the 
ore.  The  value  of  these  metallic  constituents  discharged  with  the 
gases  by  a  large  smelting  plant  may  amount  to  several  thousand 
dollars  per  day,  and  it  is  only  within  recent  years  that  methods  have 
been  developed  by  which  a  part  if  not  all  of  the  suspended  material 
can  be  removed  from  the  gas  stream  and  subjected  to  special  processes 
for  the  recovery  of  the  valuable  metals. 

During  the  past  few  years  the  Bureau  of  Mines  has  been  able  to 
assist  the  smelting  interests  in  effecting  a  recovery  of  this  material 
formerly  wasted.  As  an  illustration  may  be  mentioned  the  work  of 
the  Anaconda  Smelter  Commission,  with  which  the  bureau  has  been 
closely  associated.  This  work  is  designed  to  improve  smoke  condi- 
tions at  the  Anaconda  smelter  in  Montana. 
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THE  STJIiPHUB  P&OBLEK  OP  THE  SKELTEBS. 

Although  the  problem  of  recovering  the  valuable  solid  material 
from  smelter-stack  discharge  has  attracted  some  public  notice,  the 
smelter-fume  problem  has  come  to  the  attention  of  the  public  chiefly 
in  connection  with  the  questions  of  nuisance  and  damage.  Althou^ 
formerly  the  suspended  dust  and  fume  in  the  smelter  gases  were  fre- 
quently the  cause  of  complaint  from  the  community,  this  situation 
has  been  largely  relieved  by  the  developments  referred  to  above,  and 
at  the  present  time  the  sulphur  dioxide  in  the  gases  is  the  principal 
cause  of  complaint!  Trouble  due  to  this  cause  has  become  rather 
acute  in  certain  districts  where  agricultural  areas  lie  close  to  the 
smelting  plants  and  where  prevailing  weather  conditions  are  such 
that  sulphur  dioxide  gas  from  the  smelter  in  sufficient  concentration 
to  injure  vegetation  frequently  comes  in  contact  with  the  orchards 
and  growing  crops. 

The  tremendous  tonnage  of  sulphide  ores  of  lead,  zinc,  and  copper 
now  smelted  in  this  country  makes  the  absorption  and  utilization  of 
sulphur  from  the  smelter  fume  a  particularly  difficult  problem. 

Thus  far  the  most  generally  applicable  method  of  using  the  sulphur 
has  been  the  manufacture  of  sulphuric  acid.  The  two  chief  limits 
to  its  commercial  applicability  are  (1)  lack  of  a  local  market  for 
the  acid,  coupled  with  the  difficulty  and  expense  of  its  transportation 
to  great  distances;  (2)  the  great  dilution  of  the  sulphur  dioxide  with 
air  and  other  gases  in  most  smelters. 

The  greatest  single  use  for  sulphuric  acid  to-day  is  in  the  manu- 
facture of  phosphate  fertilizer.  The  proximity  of  phosphate  rock  on 
the  one  hand,  and  of  a  market  for  the  finished  superphosphate  fer- 
tilizer  on  the  other,  are  usually  determining  conditions  in  this  mAtter. 

When  it  is  considered  that  there  are  many  smelters  in  the  cotoitry, 
most  of  them  in  the  West,  each  of  which  daily  burns  off  250  to 
1,000  tons  of  sulphur  from  its  ores  into  the  atmosphere,  and  that  each 
ton  of  sulphur  will  make  3  tons  of  concentrated  sulphuric  acid  and  6 
of  superphosphate  fertilizer,  the  industrial  problem  of  disposing  of 
the  sulphur  can  be  better  appreciated. 

The  discovery  in  Idaho  and  Montana,  within  the  past  few  years, 
of  what  are  probably  the  most  extensive  phosphate-rock  beds  yet 
foimd  the  world  over,  is  likely  to  have  a  very  important  bearing  on 
the  problem  in  the  future ;  but  even  so,  the  freight  rates  on  the  fin- 
ished fertilizer  to  the  southern  and  eastern  markets  are  still  prac- 
tically prohibitive,  and  the  demand  for  fertilizer  on  our  virgin  soils 
of  the  West  is  developing  very  slowly.  A  few  days'  output  of  the 
sulphur  from  a  single  one  of  our  large  western  smelters  would  supply 
sufficient  acid  for  the  present  yearly  fertilizer  demands  of  the  whole 
Pacific  coast.    However,  the  consumption  of  fertilizer  in  the  West 
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Jbias  laore  than  tripled  in  the  past  five  years,  and  eventually  the  de- 
mand for  fertilizer  will  undoubtedly  come  to  be  a  factor  in  smelter- 
smoke  treatment. 

There  is  also  the  chance  of  so  modifying  present  smelting  practice 
itself  that,  with  the  expenditure  of  little  or  no  extra  fuel,  part  of  the 
sulphur  now  being  burnt  up  in  the  furnaces  would  be  distilled  off 
and  collected  in  the  unbumt  form.  Some  of  the  modem  develop- 
ments in  smelting  practice  during  the  last  few  years  seem  to  point 
strongly  in  this  direction,  although  here  again  the  possible  improve- 
ments are  probably  limited  to  certain  branches  or  departments  only 
of  the  work,  and  part  of  the  sulphur  would  have  still  to  be  taken  care 
of  by  such  other  methods  as  already  mentioned. 

The  problem  arising  from  the  objections  raised  by  a  community 
or  agricultural  district  to  the  operation  of  a  smelter  in  its  vicinity, 
aside  from  its  more  distinctly  personal  aspect,  is  essentially  one  of 
economics  Any  factor  that  tends  to  make  living  conditions  unpleas- 
ant or  unhealthful  or  to  decrease  the  productivity  of  soil  in  any  dis- 
trict may  be  regarded  as  a  source  of  economic  loss  to  a  community. 
On  the  other  hand,  a  large  metallurgical  plant  employing  several 
thousand  workmen  is  sure  to  be  an  important  if  not  the  principal 
factor  in  the  development  of  the  district  in  which  it  is  situated,  and 
a  partial  or  complete  shutdown  must  invariably  result  in  a  loss 
to  a  community. 

In  undertaking  to  solve  this  problem  on  a  broad  economic  basis 
accurate  information  is  necessary  not  only  as  regards  the  prevalence 
of  smelter  gases  in  the  so-called  ^^ smoke  zone''  but  also  as  to  the 
possible  injurious  effect  of  these  gases  upon  vegetation  of  various 
sorts.  During  the  years  of  1913  and  1914,  through  cooperation  with 
the  Selby  Smelter  Commission,  of  which  Dr.  J.  A.  Holmes,  former 
director  of  the  Bureau  of  Mines,  was,  until  his  death,  chairman,  the 
bureau  was  able  to  assist  in  the  investigation  and  adjustment  of 
questions  occasioned  by  the  operation  of  the  smelting  plant  of  the 
Selby  Smelting  &  Lead  Co.  at  Selby,  Cal. 

WOBK  OF  THE  SELBY  SMELTEB  COMMISSION. 

The  report  of  the  Selby  Smelter  Commission,  which  has  been 
published  by  the  Bureau  of  Mines,  describes  the  extensive  investiga- 
tion made  of  conditions  in  the  ^'  smoke  zone  "  and  adjoining  country. 
This  included  such  work  as  a  study  of  soil  conditions,  with  especial 
reference  to  the  presence  of  material  emanating  from  the  smelter  and 
its  possible  effect  on  plant  growth,  a  survey  of  the  prevalent  plant 
diseases  and  of  many  other  factors  affecting  plant  and  animal  culture. 
A  thorough  study  of  the  distribution  of  smelter  gases  in  the  atmos- 
phere of  the  region,  for  which  it  was  necessary  to  develop  simple  and 
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accurate  methods  for  the  determination  of  minute  quantities  of  sul- 
phur dioxide  in  the  air,  formed  an  important  part  of  the  work.  This 
report  also  contains  the  record  of  an  extensive  series  of  experiments 
to  determine  both  the  nature  and  the  economic  consequence  of  the 
action  of  dilute  sulphur  dioxide  gas  upon  growing  vegetation. 

Still  another  phase  of  the  work  dealt  with  a  study  of  the  metal- 
lurgical processes  within  the  plant  in  the  course  of  which  the  smelter 
gases  were  produced,  the  purpose  being  to  ascertain  what  changes  in 
operation  could  be  made  to  reduce  the  quantity  of  fume  evolved 
should  the  field  work  show  that  this  was  necessary. 

As  a  result  of  this  investigation  the  protracted  litigation  between 
the  Selby  Smelting  &  Lead  Co.  and  the  citizens  of  Solano  County, 
Cal.,  was  brought  to  a  close  and  conditions  were  outlined  by  the  com- 
mission, by  the  observance  of  which  the  smelting  company  might 
continue  operations  without  violation  of  the  court  decree.  In  this 
connection  it  is  interesting  to  note  that  the  plan  adopted  by  the  Selby 
Commission  of  basing  their  findings  upon  the  results  of  investigations 
by  a  corps  of  skilled  experts  has  come  to  be  generally  recognized  as 
the  common  sense  method  of  approaching  the  problem.  This  is  evi- 
denced by  the  fact  that  the  methods  of  the  Selby  CiHumiasion  have 
since  been  adopted  at  several  places,  notably  in  the  vicinity  of  Salt 
Lake  City,  where  one  of  the  large  smelting  companies  is  conducting 
an  extensive  investigation  of  the  fume  situation  in  the  area  surround- 
ing the  plant. 

STT7DT  OF  SITLPHTm-BECOVEBT  PBOCESSE& 

As  previously  mentioned  in  the  general  discussion  of  the  sulphur 
problem,  several  methods  have  been  suggested  for  the  recovery  of 
solid  sulphur  as  a  by-product  from  smelting  operations.  Although 
considerable  time  and  effort  has  been  expended  in  developing  some 
of  these  processes  and  in  certain  cases  experimentation  undertaken 
on  a  large  scale  and  at  heavy  expense  has  shown  comparatively 
little  progress.  The  lack  of  success  can  be  traced  to  insufficient 
knowledge  concerning  the  fundamental  physical  and  chemical  prin- 
ciples underlying  the  process  used.  The  mistake  has  frequently  been 
made  of  assuming  that  because  a  certain  qualitative  chemical  change 
is  known  to  take  place  it  can  without  question  be  made  the  basis  of 
an  industrial  process.  Thus,  one  observing  year  after  year  the 
almost  ceaseless  motion  of  the  ocean  waves  and  the  tremendous 
force  which  they  exert  at  times  is  unavoidably  impressed  by  the 
energy  contained  in  the  moving  water.  The  observation  of  this 
fact  does  not,  however,  show  that  this  energy  can  be  profitably 
utilized  for  it  may  turn  out  that  the  cost  of  contructing  and  operat- 
ing apparatus  suitable  for  the  conversimi  of  the  energy  of  the 
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waves  into  electrical  energy,  let  us  say,  will  be  out  of  all  propor- 
tion to  the  value  of  the  electric  current  generated. 

Therefore,  in  order  to. determine  whether  any  of  the  processes 
already  proposed  can  be  successfully  operated  and  be  used  as  the 
foundation  for  the  development  of  new  processes,  much  experimental 
work  is  necessary.  A  special  laboratory  (PL  XIY,  B)  has  been 
equipped  by  the  bureau  for  work  upon  this  phase  of  the  smelter- 
fume  problem.  Here  a  sample  of  ore,  the  exact  chemical  composi- 
tion of  which  has  been  determined  by  careful  analysis,  can  be  sub- 
mitted to  a  chemical  process  the  conditions  of  which  can  be  accu- 
rately controlled  and  measured  by  the  operator.  These  experiments 
can  frequently  be  made  with  a  few  grams  (1  ounce  equals  28.3  grams) 
of  material,  and  more  useful  information  can  be  obtained  than  if 
the  experiment  is  carried  out  with  tons  of  material  on  an  industrial 
scale  involving  the  expenditure  of  vastly  more  time  and  money. 

Other  experiments  are  made  with  larger  quantities  of  material  and 
with  larger  equipment,  such  as  a  roasting  furnace  of  special  design 
in  which  100  to  200  kilos  (1  kilo=2.2  pounds)  of  ore  may  be  treated 
in  24  hours. 

LABOBATOBY  INVESTIQATION  OF  STTIiPHUB  BECOVEBT. 

The  objects  of  the  experimental  work  conducted  during  the  past 
year  in  this  special  laboratory  were  as  follows : 

1.  The  direct  production  of  solid  sulphur  by  the  modification  of 
smelting  operations  in  common  use. 

2.  The  reduction  of  sulphur  dioxide  to  solid  sulphur  by  the  use  of 
solid,  liquid,  or  gaseous  fuel. 

3.  The  production  of  concentrated  sulphur  dioxide  from  dilute 
smelter  gasea 

As  an  illustration  of  the  type  of  problem  falling  under  group  1,  the 
following  may  be  mentioned : 

Processes  for  the  treatment  of  sulphide  ores,  involving  the  use  of 
steam  to  facilitate  the  recovery  of  a  part  of  the  sulphur  in  the  solid 
state,  have  from  time  to  time  been  proposed  and  patented.  The  ad- 
vantage claimed  for  the  use  of  steam  is  based  in  practically  every 
patent  on  the  assumption  that  certain  chemical  reactions  take  place 
between  the  ore  and  the  steam  or  water  vapor.  Therefore,  in  order 
to  judge  the  possibility  of  success  of  any  of  these  processes  it  is 
necessary  to  determine  the  degree  of  chemical  reaction  when  water 
vapor  comes  in  contact  with  ore  within  a  furnace.  If  only  a  slight 
reaction  occurs  under  the  various  conditions  that  can  be  produced  in 
a  furnace,  it  is  obvious  that  the  presence  of  water  vapor  is  not  likely 
to  affect  materially  the  changes  taking  place  in  the  furnace,  and  the 
production  of  any  important  quantity  of  sulphur  through  its  agency 
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is  not  to  be  expected.  An  accurate  knowledge  of  the  nature  and  ex- 
tent of  the  reactions  taking  place  at  various  temperature  between 
water  vapor  and  the  metallic  sulphides  in  the  ore  is  therefore  essen- 
tial, and  this  is  one  of  the  things  that  is  being  carefully  studied  by 
the  Bureau  of  Mines. 

As  part  of  the  work  of  the  Bureau  of  Mines'  laboratory  at  the 
Panama-Pacific  International  Exposition,  it  was  arranged  to  cooper- 
ate with  the  Thiogen  Company  in  a  critical  study  of  a  process  that 
it  had  developed  for  the  recovery  of  sulphur  frcnn  smelter  gases 
This  work  falls  under  group  2  given  above.  A  thorough  study  has 
been  made  of  the  various  steps  involved  in  the  "  wet  Tliiogen  proc- 
ess," and  the  results  of  the  investigation  are  now  in  process  of  publi- 
cation as  a  Bureau  of  Mines'  bulletin. 

From  work  done  upon  a  laboratory  scale  it  is  of  course  impossible 
to  do  more  than  make  a  preliminary  rough  estimate  of  the  cost  of 
using  the  process  on  an  industrial  scale.  It  was  possible,  however, 
to  demonstrate  that  there  are  no  insuperable  technical  difficulties  in 
the  way  of  the  successful  operation  of  the  process  and  that  under 
favorable  conditions  as  regards  fuel  cost,  cold-water  supply,  market 
for  sulphur,  etc.,  it  would  probably  prove  commercial. 

These  illustrations  will  serve  to  indicate  the  type  of  work  which 
the  Bureau  of  Mines  is  doing  in  its  efforts  to  assist  in  the  solution  of 
the  sulphur  end  of  the  smelter-fume  problem.    As  previously  men- 
tioned, no  one  process  can  be  hoped  to  afford  a  complete  general 
solution  of  this  problem.    Alteration  in  economic  conditions  as  well 
as  the  extensive  changes  and  improvements  in  metallurgical  practice 
and  the  development  of  new  chemical  industries  will  from  time  to 
time  make  it  possible  to  increase  the  utilization  of  by-product  sul- 
phur from  smelting  operations.    The  Bureau  of  Mines  is  giving  dose 
attention  to  this  subject  in  order  that  it  may  assist  such  developments 
in  every  way  possible. 

FLOTATION  OF  ORES. 

One  of  the  most  striking  developments  in  metallurgical  processes 
in  the  past  few  years  has  been  the  successful  results  obtained  with 
oil-flotation  methods  of  recovering  metals  from  their  ores,  linked 
with  the  installation  of  extensive  equipment  for  utilizing  the  process. 
Accordingly,  it  has  seemed  fitting  to  present  a  short  account  of  the 
history,  significance,  and  present  status  of  the  process. 

HISTOBY  OF  FLOTATION. 

The  flotation  of  minerals  dates  back  to  the  accounts  of  Agricola. 
who  tells  us  of  the  virgins  who  dipped  greasy  feathers  into  the 
stream  and  drew  forth  gold.  Strangely  enough,  gold  and  other 
minerals  of  metallic  luster  tend  to  stick  to  a  greased  surface,  whereas 
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the  worthless  gangue  minerals  that  accompany  them  do  not.  This 
property  of  preferential  oiling  of  metallic  minerals  has  been  utilized 
in  many  ways  and  has  resulted  in  the  modem  flotation  process. 

The  earliest  account  of  the  use  of  a  flotation  method  in  the  United 
States  is  that  of  John  Tumbridge,  of  Newark,  N.  J.  It  appears  in 
patent  specification  No.  207695,  granted  to  him  on  September  3, 1879. 
It  is  a  method  for  recovering  precious  metals  from  the  jeweler's  wash 
waters  and  consists  in  plunging  the  water  through  a  bath  of  oil, 
which  collected  the  mineral  particles. 

The  person  who  is  credited  with  being  the  mother  of  modem  ore 
flotation  is  Mrs.  Carrie  Everson,  of  Chicago,  Denver,  and  California, 
successiyely.  However,  her  flotation  patents  are  antedated  by  not 
less  than  nine  other  patents  involving  the  flotative  principle.  She 
proposed  to  treat  ores  by  pulverizing  them  and  mixing  with  water 
and  with  oil  amounting  to  5  to  17  per  cent  of  the  weight  of  the  ore. 
The  valuable  minerals  were  collected  by  the  oil  and  skimmed  off  of 
the  pulp.  Since  then  literally  hundreds  of  United  States  patents 
have  been  granted  for  various  flotation  proposals,  but  the  fact  re- 
mains tiiat  a  woman  was  the  first  person  to  attempt  commercial 
recovery  of  valuable  minerals  from  low-grade  ores  by  this  process. 
Since  that  time  various  modifications  of  the  process  have  been  made. 

In  1906  Sulman  and  Pickard  took  out  a  patent  in  which  they 
claim  the  production  of  an  air  froth.  A  slight  amount  of  oil,  amount- 
ing to  1  pound  per  ton  of  ore,  was  used,  being  agitated  with  about  4 
tons  of  water.  The  oil  caused  the  water  to  froth  and  the  finely 
divided  particles  of  valuable  mineral  were  concentrated  in  the  froth 
floating  on  top  of  the  pulp.  Some  previous  investigators  had  pro- 
posed air  bubbles  to  assist  bulk  oil  flotation  of  the  minerals  but  they 
claimed  that  their  froth  consisted  almost  entirely  of  air  and  films  of 
water  slightly  contaminated  with  the  frothing  oil. 

This  is  tiie  basis  of  modem  froth  flotation,  and  it  is  the  only  type 
now  considered  of  much  practical  importance. 

The  owners  of  the  Sulman  and  Pickard  patent,  the  Minerals  Sepa- 
ration Co.,  Limited,  are  now  engaged  in  litigation  with  individuals 
who  feel  that  the  patent  was  antedated  by  previous  knowledge. 

America  was  late  in  adopting  the  process  and  we  owe  the  first  suc- 
cessful commercial  development  of  flotation  to  the  various  companies 
operating  at  Broken  Hill,  New  South  Wales,  Australia. 

However,  when  American  engineers  do  take  up.  a  process,  its  use 
spreads  rapidly.  This  is  true  as  regards  the  flotation  process,  and  as 
a  result  practically  every  mining  company  in  this  country  which  sub- 
jects its  ores  to  a  preliminary  ore-dressing  process  before  shipment, 
and  which  has  had  trouble  recovering  all  the  valuable  metals  in  its 
ore,  has  experimented  with  this  process  in  hopes  of  procuring  better 
extractioncK 
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The  first  successful  application  of  flotation  in  the  United  States 
that  was  of  any  commercial  importance  was  probably  that  at  the 
plant  of  the  Butte  &  Superior  Copper  Co.,  Butte,  Mont,  in  1912.  At 
the  present  time  there  are  probably  as  many  as  200  concentrating 
mills  in  the  United  States  using  flotation. 

VALITE  OF  THE  PBOCESS. 

The  flotation  machines  used  in  these  mills  are  of  many  diverse 
types  and  the  developments  during  the  past  year  have  been  largely 
improvement  of  machinery  for  accomplishing  the  same  effect  with 
less  power. 

The  reason  why  the  flotation  process  has  proven  to  be  such  a  valu- 
able addition  to  the  former  milling  and  ore-dressing  processes  is  due 
to  the  fact  that  it  is  adapted  to  the  treatment  of  finely  ground  ore 
pulps;  in  fact,  before  this  process  was  developed,  the  ore  slimes 
formed  during  crushing  in  a  concentrating  mill  were  a  source  of 
serious  losses  because  no  machinery  had  been  devised  that  could 
save  a  high  proportion  of  the  valuable  metals  in  such  fine  material. 

On  this  account  the  practice  previous  to  the  introduction  of  the 
flotation  process  was  to  crush  the  ore  so  as  to  prevent,  as  far  as 
possible,  the  production  of  fine  material.  However,  more  or  less  of 
the  metal  contained  in  all  ores  subjected  to  an  ore-dressing  process 
was  lost  during  the  treatment  of  the  ore,  and  for  that  reason  nearly 
every  concentrating  mill  in  this  country,  of  any  size,  has  adopted 
flotation  during  the  past  year  or  two  in  order  to  treat  its  slimes. 

WHE&E  THE  F&OCESS  IS  APPLICABLE. 

It  is  not  to  be  inferred  that  the  flotation  process  can  be  successfully 
applied  at  every  mill  where  values  are  being  lost.  As  a  rule,  the 
process  can  be  successfully  applied  if  the  values  being  lost  in  the 
tailings  from  such  processes  are  in  the  form  of  sulphides.  However, 
the  values  lost  in  the  tailings  from  such  processes  are  not  always 
sulphides,  but  many  of  them  constitute  oxides.  These  are  not  recov- 
ered by  the  ordinary  flotation  process.  For  this  reason  the  Bureau 
of  Mines  has  done  much  experimental  work  in  connection  with  this 
process  with  a  view  to  devising  modifications  of  the  process  by  the 
addition  of  such  reagents  as  will  permit  the  saving  of  the  metals 
present  not  only  as  sulphides  but  as  oxides  as  well.  It  has  been  very 
successful  in  its  work  along  this  line  and  has  found  that  the  process 
can  be  successfully  applied  to  the  treatment  of  oxidized  minerals 
that  usually  do  not  have  a  metallic  luster.  In  this  way  the  effective- 
ness of  the  process  for  the  prevention  of  mineral  waste,  one  of  the 
main  objects  of  all  the  bureau's  work,  has  been  greatly  increased. 

The  flotation  process,  besides  preventing  mineral  waste  at  mills 
using  ordinary  gravity  concentrating  processes,  can  also  be  applied 
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to  the  recovery  of  metals  contained  in  tailings  from  former  mill 
treatment  of  ores,  if  the  tailings  have  been  adequately  preserved  by 
impounding,  or  otherwise. 

In  this  connection  it  may  be  stated  that  the  bureau  is  endeavoring 
to  emphasize  the  obligation  the  mining  industry  owes  to  the  Nation 
of  storing  for  future  treatment  those  ores  and  mill  products  con- 
taining metals  that  can  not  be  successfully  recovered  at  the  present 
time,  for,  as  as  time  goes  on,  organized  study  of  metallurgical  proc- 
esses will  make  possible  the  commercial  use  of  leaner  and  leaner  ores, 
and  thus  extend  indefinitely  the  life  of  our  mineral  resources. 

The  flotation  process  also  offers  a.  method  of  treating  ores  that 
could  not  heretofore  be  successfully  concentrated,  owing  to  the  fact 
that  the  valuable  minerals  contained  in  them  are  in  such  small 
particles  that  the  ore  must  be  ground  as  fine  as  flour  before  the  valu- 
able minerals  can  be  liberated,  so  that  when  ordinary  gravity  con- 
centrating processes  are  used  the  valuable  particles  of  the  ore  are 
lost. 

STJMMABY. 

In  summary  it  may  be  said  that  the  flotation  orocess  has  been 
successfully  applied  to  the  treatment  of : 

1.  Tailings  from  ordinary  gravity  concentrating  processes,  in  which 
the  valuable  metals  previously  lost  are  in  the  form  of  sulphides. 

2.  Tailings  in  which  the  valuable  minerals  are  oxidized,  the  use  of 
sulphidizing  reagents  being  generally  necessary  in  order  to  super- 
ficially convert  the  metallic  particles  into  sulphides. 

3.  The  concentration  of  ores  that  contain  the  valuable  minerals 
in  such  form  as  to  make  recovery  by  ordinary  gravity  processes 
impracticable. 

Probably  no  other  ore-dressing  or  metallurgical  process  devised  in 
recent  years  has  so  materially  aided  in  the  prevention  of  mineral 
waste  as  has  the  flotation  process.  It  is  safe  to  predict  that  in  time 
the  scope  of  the  process  will  be  greatly  extended  and  that  methods 
will  be  developed  for  treating  all  types  of  ores  by  it. 
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TECHNICAL-SERVICE  WORK  AT  PITTSBURGH 

EXPERIMENT  STATION. 

Closely  related  to  practically  all  the  activities  of  the  Bureau  of 
Mines  is  the  technical-service  work  done  at  the  bureau's  Pittsburgh 
experiment  station.  This  comprises  the  computing  and  compiling  of 
experimental  data,  the  drafting  and  designing  of  experimental  equip- 
menty  and  the  preparation  of  photographs  and  motion  pictures  re- 
lating to  the  bureau's  investigations.  This  service  aids  in  tiie  inter- 
pretation and  presentation  of  the  results  of  the  bureau's  investiga- 
tions, thus  performing  a  necessary  fundamental  part  in  the  study  of 
problems  relating  to  the  mineral  industry.  During  the  past  year 
the  technical-service  work  included: 

1.  Ciomputing  the  results  of  field  and  laboratory  tests  and  making 
reports  therefrom;  determining  physical  and  chemical  laws  from 
observations  made  and  expressing  them  in  the  form  of  mathematical 
equations ;  and  compiling  conversicm  tables  and  making  land  surveys. 

2.  Designing  apparatus  and  equipment  for  experimental  work; 
making  mine-disaster  maps;  engrossing  mine-rescue  and  first-aid 
certificates ;  and  making  illustrations  for  bulletins  and  reports. 

3.  Taking  photographs  to  show:  Details  and  results  of  tests,  de- 
tails of  apparatus,  progress  of  buildings,  approved  first-aid  methods 
and  bandages;  making  lantern  slides  and  enlargements. 

4.  Producing  new  motion. pictures;  repairing  and  replacing  worn 
film;  duplicating  films  when  desirable,  in  order  to  supply  the  de- 
mand ;  loaning  motion  pictures  and  other  negatives  for  the  purpose 
of  supplying  duplicate  pictures  to  mining  companies  for  educational 
work;  revising  films  in  order  to  improve  and  get  them  up  to  date. 
Four  reels,  in  duplicate,  illustrating  the  work  of  the  bureau,  have 
been  made  and  assembled.  About  65,000  feet  of  film  is  now  available 
for  exhibition  by  bureau  employees,  an  increase  during  the  current 
year  of  25,000  feet.  The  difficulties  encountered  by  the  photographer 
in  making  mine-safety  pictures  underground  are  shown  in  Plate 
XVI,  in  which  the  photographer  is  seen  in  one  of  the  large  copper 
mines  in  Arizona  at  work,  with  his  equipment,  including  arc  lights 
sufficient  to  give  40,000  candlepower. 

Heretofore  the  work  of  the  bureau  has  been  considerably  inter- 
fered with  by  the  necessity  for  having  individual  investigators  show 
parties  of  visitors  their  work.  This  difficulty  has  been  obviated  by 
having  an  engineer  familiar  with  the  work  of  the  Pittsburgh  station 
act  as  an  official  guide.  He  shows  the  visitors  the  routine  work 
of  the  station,  without  interrupting  it,  usually  ending  his  demon- 
stration with  the  motion  picture  "  The  Work  of  the  Bureau." 
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NEW  OFFICE  BUILDINGS  AT  PITTSBURGH. 

The  new  offices  and  laboratories  for  the  bureau's  Pittsburgh  experi- 
ment station,  contract  for  which  was  let  in  the  spring  of  1915,  have 
been  partly  completed  and  the  main  offices  are  now  occupied. 

These  buildings  stand  on  land  acquired  by  the  Government,  an 
admirable  site  adjacent  to  the  grounds  of  the  Carnegie  Institute  of 
Technology  and  near  the  Carnegie  Institute,  the  Carnegie  Library, 
and  the  University  of  Pittsburgh.  The  tract  fronts  to  the  north  on 
Forbes  Street,  and  is  immediately  east  of  the  Forbes  Street  Bridge 
over  the  deep  cut  of  the  Pittsburgh  Junction  Bailroad,  which  bounds 
the  property  on  the  west. 

The  main  building  is  three  stories  high,  has  a  frontage  of  332  feet, 
and  is  flanked  at  either  end  with  two-story  wings  extending  back 
from  Forbes  Street  211  feet. 

The  central  part  of  the  building,  which  is  56  feet  by  210  feet,  will 
contain  quarters  for  the  administration  offices  and  the  mining-engi- 
neering division  and  also  a  lecture  room  seating  300  .persons.  The 
west  wing,  48  by  211  feet,  will  house  the  mechanical  laboratory.  The 
east  wing,  of  the  same  size,  will  accommodate  the  chemical  labora- 
tory.   In  general  the  interior  finish  is  substantial  but  severely  plain. 

In  the  rear  of  the  main  building  will  be  the  power  plant  and  the 
metallurgical  and  fuel-testing  laboratories  in  a  building  55  feet  by 
220  feet,  built  of  reinforced  concrete  and  placed  on  a  lower  level,  so 
as  to  be  invisible  from  Forbes  Street.  In  this  building  are  an  engine 
house  55  feet  by  110  feet,  a  fuel-testing  laboratory  55  feet  by  70  feet, 
and  a  metallurgical  testing  laboratory  55  feet  by  70  feet  An  exten- 
sion of  this  building  is  contemplated  to  provide  a  boiler  house  55 
feet  by  110  feet  and  a  50- foot  extension  to  the  fuel-testing  laboratory. 
The  general  appearance  of  the  buildings  is  shown  in  figure  9. 
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BUKEAU  OF  MINES  EXHIBIT  ON  GOVERNMENT 

SAFETY-FIRST  TRAIN. 

During  the  months  of  May  to  August,  1916,  a  traveling  exhibit 
showing  apparatus,  devices,  and  methods  recommended  by  the  Gov- 
ernment for  preserving  the  health  and  safety  of  the  people  of  the 
United  States,  visited  87  cities  and  towns  in  16  different  States,  cover- 
ing territory  all  the  way  from  Philadelphia,  Pa.,  to  Denver,  Cdo. 
The  train  was  organized  by  the  Federal  departments  and  bureaus 
concerned  in  the  work  mentioned,  and  the  12  steel  cars  comprising 
the  train  were  furnished  through  the  cooperati(Mi  of  Mr.  Daniel 
Willard,  president  of  the  Baltimore  &  Ohio  Railroad.  The  train 
was  furnished  transportation  by  the  Baltimore  A  Ohio  system,  the 
Missouri,  Kansas  &  Texas  system,  and  the  Union  Pacific  system. 

The  traveling  exhibit  was  an  effort  to  give  the  public  a  clear  idea 
of  the  humanitarian  work  being  accomplished  by  the  Grovemment 
Such  an  exhibit  has  never  before  been  witnessed  by  the  people.  Those 
who  have  been  fortunate  enough  to  be  able  to  visit  Washington  and 
spend  a  few  days  in  learning  about  the  Government's  activities  have 
been  privileged  to  see  a  number  of  these  exhibits  at  various  times,  but 
never  before  has  practically  the  entire  safety-first  work  of  tiie  Gov- 
ernment been  assembled  as  on  this  train.  That  the  people  were  sur- 
prised at  the  extent  of  the  Government's  interest  in  their  behalf  was 
manifest  every  day  the  train  was  on  its  itinerary.  It  became  a  com- 
mon expression  that  no  one  before  had  had  an  adequate  idea  of  the 
practical  work  the  Federal  Government  was  doing  along  these  lines: 

The  Government  issues  millions  of  publications  each  year  on  the 
subjects  depicted  by  the  train,  but  these  unfortunately  do  not  lend 
themselves  to  such  graphic  presentation  as  the  actual  apparatus  used 
in  these  .endeavors.  It  is  a  safe  assumption  that  many  of  the  visitors 
left  the  train  better  American  citizens  and  with  a  much  clearer  view 
of  the  helpfulness  of  the  Federal  Government  to  the  people. 

The  Hon.  Franklin  K.  Lane,  Secretary  of  the  Interior,  was  the 
originator  of  the  plan  of  having  a  railway  train  take  to  the  doorsteps 
of  the  people  an  exhibit  of  the  work  of  the  Government.  Secretary 
Lane  not  only  started  the  movement  but  organized  the  necessary  ma- 
chiiiery  for  the  actual  accomplishment.  The  details  of  bringing  the 
various  departments  and  bureaus  together  were  assigned  to  Mr.  Van. 
H.  Manning,  director  of  the  Bureau  of  Mines,  who  was  designated 
as  the  executive  officer  in  charge  of  the  train. 

With  few  exceptions  all  of  the  material  exhibited  by  the  Bureau 
of  Mines  on  the  safety-first  train  had  seen  actual  service.    In  the  car 
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devoted  to  the  work  of  the  Bureau  of  Mines  the  exhibit  which  at- 
tracted the  most  attention  represented  five  men  equipped  with  dif- 
ferent types  of  oxygen-breathing  rescue  apparatus  used  by  the 
bureau^  rescue  crews  at  disasters  fc^owing  ex{dosiona 

Much  interest  was  manifested  in  the  cage  of  life-saving  canary 
birds.  The  oauary  is  very  seBsitive  to  a  deadly  gas  (carbon  mon- 
oxide) found  in  mines  after  fires  and  explosions,  and  for  (his  reascm 
is  used  by  rescue  crews  and  miners  in  testing  mine  air.  When  the 
bird  shows  signs  of  distress  the  men  know  that  it  is  time  to  put  on 
their  rescue  apparatus.  The  rescuers  carry  with  them  an  inclosed 
cage  and  a  supply  of  oxygen.  The  asphyxiated  bird  is  placed  in  this 
cage  and  the  oxygen  turned  on,  with  the  result  that  the  bird  gener- 
ally recovers. 

Another  exhibit  was  a  portable  mine^rescue  telephone  for  men 
wearing  <nygen-breathing  rescue  apparatus  and  ccmsequently  unable 
to  talk  distinctly.  This  telephone  has  a  transmitter  that  is  strapped 
over  the  vocal  cords  and  enables  a  rescuer  wearing  breathing  appa* 
ratus  to  maintain  communication  with  the  fresh-air  base  for  a  dis- 
tance of  about  one^quaiter  of  a  mile. 

In  reviving  a  person  overcome  by  mine  gases,  it  is  sometimes  ad- 
vantageous to  administer  pure  oxygen.  The  device  used  by  the 
bureau  for  this  purpose,  consisting  of  an  oxygen  tank,  a  reducing 
valve  for  regulating  the  flow  of  oxygen,  tubes,  and  a  face  mask,  with 
an  outlet  valve  for  the  breath,  was  shown. 

Photographs  of  the  rock-dust  barriers  devised  by  bureau  engineers 
for  checking  explosions  in  coal  mines  were  displayed,  and  a  working 
model  of  the  trough  rock-dust  barrier  was  abown. 

A  device  for  sampling  mine  air  for  rock  dust,  used  by  bureau 
engineers  in  investigating  the  effects  of  siliceous  dust  in  causing  pul- 
monary disease  among  miners,  was  shown. 

A  photograph  of  an  explosion-proof  motor  approved  by  the  bureau 
as  permissible  for  use  in  gaseous  mines  was  exhibited. 

Permissible  electric  safety  lamps  and  i)enni6sible  flame  safety 
lamps  were  shown.  One  exhibit  was  a  box  for  testing  safety  lamps 
before  taking  them  into  a  mine,  the  lamp  being  tested  by  filling  the 
box  with  an  explosive  gas  and  then  thrusting  the  lighted  lamp  into  it. 
Devices  exhibited  to  insure  the  safety  of  miners  in  handling  ex- 
plosives consisted  of  a  5-pound  powder  jack  or  metal  waterproof  box 
fcMT  carrying  powder  into  a  mine,  and  a  safety  box  for  carrying  the 
detonators  used  in  blasting.  In  this  box  eadi  detonator  is  held  sepa- 
rately and  only  one  can  be  removed  conveniently  at  a  time.  The 
detonators  can  not  fall  out  if  the  box  should  be  overturned. 

There  was  also  exhibited  an  apparatus  to  insure  safety  in  firing 
shots  by  electricity  in  mines.  • 


PUBLICATIONS  ISSUED  BY  THE  BUREAU  OF  MINES. 

The  Bureau  of  Mines  publii^es  three  classes  of  reports — bulletins, 
technical  papers,  and  miners'  circulars.  In  addition  it  issues  various 
lists  and  schedules,  a  monthly  statement  of  fatalities  in  coal  mines, 
and  the  annual  report  of  the  director. 

Most  of  the  bulletins  present  in  detail  the  results  of  technical  and 
scientific  investigations,  and  therefore  are  of  interest  chiefly  to  engi- 
neers,  chemists,  mine  officials,  and  other  persons  familiar  with  tiie 
subjects  discussed.  The  technical  papers  are  shorter  and  lees  formal 
than  the  bulletins  and  contain  preliminary  statements  of  the  results 
of  the  larger  investigations  or  describe  the  shorter  investigaticms  inci- 
dental to  a  larger  one.  The  miners'  circulaxs  deal  with  topics  relating 
to  accident  prevention  and  rescue  and  first-aid  methods,  the  safe- 
guarding of  health,  and  other  matters  that  directiy  concern  the  work- 
ers in  mines,  mills,  and  metallurgical  plant&  These  circulars  are 
written  in  simple,  nontechnical  English,  and  are  printed  in  much 
larger  editions  than  are  the  bulletins  and  technical  papers. 

The  bureau  has  already  published  approximately  100  bulletins,  150 
technical  papers,  and  20  miners'  circulars.  The  following  classifica- 
tion gives  an  idea  of  the  investigations  so  far  represented  in  the 
publications  of  the  bureau : 

Publications  on  the  utilization  of  coal  and  lignite. 

Publications  on  the  comporation  of  coal. 

Publications  on  the  technology  of  petroleum  and  natural  gas. 

Publications  relating  to  mining  laws. 

Publications  on  mineral  technology. 

Publications  on  metallurgy. 

Publications  (m  coal  mining. 

Publications  on  metal  mining. 

Publications  on  accident  statistics. 

Publications  on  investigations  of  mine  electrical  equipment. 

Publications  on  investigations  of  explosivea 

The  bureau  issues  a  complete  list  of  all  its  publications,  showing 
those  available  for  free  distribution  on  application  to  the  director 
and  those  obtainable  from  the  Superintendent  of  Documents,  Gov- 
erning Printing  Office,  on  payment  of  the  cost  of  printing.  Inter- 
ested persons  should  apply  to  the  Director,  Bureau  of  Mines,  Wash- 
ington, D.  C,  for  a  copy  of  the  latest  list 
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moistnre  in,  determination  of 90,  97 

production  of,  wastes  in 70 

Colorado,  camotlte  ore  in,  extent  of.  lOO 

mining  of 101 

plant  for  concentrating 102 

mine  in,  use  of  rock  dust  in 21 

mining  methods  In 62 

oil  shales  in 13:t 

pitchblende  In,  mining  of 102 

uranium   ore  in lOO 

Colorado  School  of  Mines,  coopera- 
tion of 102 

Combustion,  completeness  of,  relation 

to  combustion  space 77 

efflcient,   factors  governing 72,  T^ 

gases    from 77,  78 

in  fuel  bed,  clmracter  of 76 

investigations   of 72,73 

need    of 68,  67 

purpose  of 72 

results    of 76-7« 

process  of,  description  of 74-7(3 

curves    showing 75 

Bee  aUo  Fnel  bed.  Furnace. 
Concentration    of    camotlte,     plant 

for 102 

of  pitchblende  ore,  method  of 102 

Cooperative  work  of  Bureau  of 
Mines.  Bee  Bureau  of 
Mines,  cooperative  work. 

Copper,  production  of 2 

Copper  orsa,  smelting  of,  equipment 

of  laboratory  for 150 

Cornell  University,  cooperative  agree- 
ment with 104 

Crusher-board  test  of  ezploeives,  pur- 
pose of Z6 

Crushing    machines,     Investigations 

of 140, 150 

Cyanide  solutions,  behavior  of  alumi- 
num   in 148.  149 

D. 

Department  of  Justice,   cooperation 

with 121 

Detonators,  tests  of 39 

Douglas,  James,  work  of 60 

Drilling  wells.  Bee  Oil  wells;  Oas 
wells. 

E. 

Electric  furnace  for  melting  brass, 

description  of 105 

development    of 104, 105 

view    of : 96 

Electric  haulage  in  coal  mines 12 

Electric  mine  lamps,  portable,  cord 

for,  development  of^ 91 

Investigations   of 89,90 

permissible,  advantages  of 41 

list    of 89 

use  of 41,61 
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Face. 
Electric  motora,  explosion-proof,  ln~ 

veBtisration  of 90 

Electricity  for  melting  brasB,  advan- 
tages of 104 

Electrical  equipment  for  mines,  in* 

vestigations.  of 69,  8^91 

use   of 61-413,64 

safety  rules  lor 90 

Everson,  Carrie,  oil  flotation  method 

of 159 

Experimental  mine  at  Bruceton,  Pa., 
coal-dust  explosion   tests 

at    26-28 

preparation  for,  yiew  of 24 

purpose    of 27,28 

description    of 26,26 

equipment    of 25,  26 

plan  of,  figure  showing ._        26 

Explosion-by-lnfluence  test  of  explo- 
sives           37 

Explosion-proof  electric   motors 90 

Explosion      test      at      experimental 
mine,      preparation      for, 

view    of 24 

Explosion,   stopping  blown   out   by, 

view    of 30 

Bee  Coal  mines,   explosions  in. 

Explosives,  accidents  caused  by 32 

gases  from,  determination  of 35 

effect  of,  on  mine  air .  24,  25 

production    of,    compilation    of 

sutistlcs    of 45 

tests  of,  apparatus  for 33-38 

methods  for,  description  of-  83-39 

need  for 32 

to  determine  snitabiUty 38,39 

Bee  aleo  Permissible  explosives. 

P. 

Fairbanks,    Alaska,    mining    experi- 
ment station  at 134 

Fatalities  from  coal-mine  accidents.  3 
Ferro-uranium,    production    of,    in- 
vestigation   of 107, 108 

Finley,  J.  B.,  work  of 60 

First  aid,  resolutions  adopted  in  In- 
diana for 18 

First-aid  methods,  field  contests  in.  8 

standardization    of 16 

training  In 7, 17,  51,  64,  65 

stations  for,   list  of 17, 18 

team  for,  view  of 8 

value    of 7,  8 

Flame    test   of   explosives,    purpose 

of    36,37 

Fleuss  mine  rescue  apparatus,  tests 

with    10,11 

Flotation  of  ores.    Bee  Oil  fiotation. 

Fuel,  cost  of,  to  Government 68 

domestic,  use  of  coke  for 86 

relative    value    of,    investi- 
gation   of 83 

Inspection  of,  scope  of 81,  83,  84 

proper  handling  of.   Importance 

of 83 

purchase  of,  factors  governing.  82 


Page. 
Fuel,  suitability  of,  factors  determin- 
ing  68,  82, 

tests    of 82-84 

Bee  also  Coal ;  Coke ;  Oil ;  Gas. 

Fuel  bed,  combustion  sones  of 76 

figure  showing 75 

Furnace,  combustion   space  in,  fac- 
tors  governing 74 

relation  of,  to  completeness 

of  combustion 76 

Furnace  design,  investigations  of 67 

G. 

Garforib,  tests  of  rock  dust  by 20 

Gas  from  coal,  use  of,  value  of .  68 

from  coal  dust,  determination  of.  32 
from  lignite,  production  of.  In- 
vestigations of 86,87 

in  coal  mines,  ignition  of,  causes 

of 10 

prevention  of -  19 

Gas  and  dust  gallery  No.  1,  descrip- 
tion of  test  in 33,  34 

purpose  of 83 

view    of 34 

Gas  detector,  development  of 92, 93 

Gas  traps  for  oil  wells,  Investigation 

of   130 

Gas  wells,  drilling  of,  difllculties  in.       121 
improper  casing  of,  wastes  from, 

figure  showing 120 

methods  of 121,  122 

mnd-Iaden  fiuid  for 124, 126 

wastes    from    improper 

methods    of 122, 128 

on  Indian  lands,  restrictions  re- 
garding            49 

supervision  of 60 

Gases  from  combustion 77,  78 

Gasoline,  consumption  of 118 

from  casing-head  gas,  manufac- 
ture of 130 

production  of 130 

value  of 130 

from  **dry'*  natural  gas,  absorp- 
tion of 92 

from   petroleum,   cracking 

process  for  making 118, 131 

increased  demand   for,   need  of 

meeting    132 

investigations   of 132 

production  of,  methods  of 118 

Greneral     Land     Office,     cooperation 

with 121 

Georgia,  kaolins  of,  refining  of,  In- 
vestigations of 108, 109, 110 

Gibbs    mine    rescue    apparatus,    ad- 
vantages of 15 

circulation    of    air    in,    figure 

showing 13 

comparative  advantages  of 11 

description  of 12-15 

operation   of 15 

view    of- 16 

Goldfield,  Nev.,  ore  from,  tests  with.  148 
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Page. 
GoTemment,  coal  pnrdUMei  for — ..        82 

Inapection   of . 84 

fuel  for,  investigations  of-.  68,69,82 

cost  of 68,70 

GoTernment  safety-first  train,  ex- 
hibits (m,  description  of-  166 

purpose  of 164 

scope  of 164 

H. 

Hammond,  John  Hays,  work  of 60 

Heat  transmission,  investigations  of, 

apparatus  for 70 

factors  affecting 81 

purpose  of 78,  79 

results  of 80,  81 

scope  of 70,80 

to  boilers,  curves  showing 80 

See  aleo  Boilers. 

Hookworm  Infection,  causes  of . 66 

investigations    of 66,66 

prevention  of 56,67 

Hydrocarbons,  formation  of,  In  com- 
bustion of  coal 78 

Hydrometallurgical      investigations, 

scope  of 148, 149 

I. 

Idaho,  phosphate  rock  In • 164 

Illinois,  carbon  in  coal  from 97 

coal  mines  of,  investigations  of 

air  in 23-25 

mining  methods  in 63 

permissible  explosives  In,  use  of-  40,  41 
Illinois  State  Geological  Survey,  co- 
operation with 23 

Impact   machine,   test  of  explosives 

with,  purpose  of 38 

view  of 88' 

Indian    lands,    allotted,    leases    on, 

scope  of ..  48 

supervision  of  mines  on-..  48 

examination  of .  48,  49 

mines  on,  explosives  used  in 47,  48 

segregated,    mines    in,    supervi- 
sion of 47,49 

water  wells  on,  approval  of  49 

Indiana,  carbon  in  coal  from 97 

first-aid  resolutions  adopted  in.  18 

mining  methods  In 63 

permissible  explosives  in,  use  of  41 

tests  of  coals  for « _^^ 84 

Ingalls,  W.  n.,  work  of 60 

Iowa,  mining  methods  in 63 

Iron,  corrosion  of,  methods  for  pro- 
tection from 138 

wastes  from 137 

in  clinker,  determination  of 99 

production  of 2,135 

Iron  Industry,  accidents  In,  Investi- 
gations of 135,136 

investigation   of 135 

J. 

Joplin  district,  Mo.,  mines  of,  silice- 
ous dust  in,  investiga- 
tions of ... ......         68 

oceurrenot  of  ............        64 


Joplin  district,  Mo.,  pulmonary  dis- 
ease in,  investigations  of,  re- 
sults of 54 

K. 

Kaolin,  Georgia,  refining  of,  Inves- 

ttgaUotts  of 108, 109,  llO 

Kentucky,  carbon  in  coal  from 97 

mining  methods  in 63 

L. 

Lane,  Franklin  K.,  as  organizer  of 

safety-first    train 164 

Lead,   from  sulphide  ores,   recovery 

of    - 143,  144 

in  low-grade  ores,  recovery  of 143 

production   of 2 

Lead  block,  test  of  explosives  with, 

purpose  of 38 

view    of 36 

Lead  ores,  mining  and  milling.  In- 
vestigation of 146 

smelting  of,   equipment  of  lat>- 

oratory  for 150 

Lignite,  brlquetlng  of,  investigations 

of 87 

deposits  of,  extent  of 86 

gas  from,  production  of 86 

oils  from,   character  of 88 

InTestlgatlons    of 88,89 

utilization    of 88,89 

production     of     ammonia     sul- 
phate from 87 

production  of  gas  from,  InTestl- 
gatlons of 86,87 

tar  from,  utilisation  of 87,88 

utilization  of,  investigations  of .         86 
Limestone  quarries,  at  BuCFalo,  N.  Y-       115 
Locomotives,  storage  battery,  advan- 
tages of 42,43 

development    of 42,  43 

explosion-proof,  development  of 

specifications  for 91 

use  of -        68 

Long  Park,  Colo.,  plant  for  concen- 
trating camotlte  ore  at.       102 

M. 

Maine,  tests  of  coals  for 84 

Manganese,  production  of ..  2 

Manning,    Van.    H.,   work   of,    with 

safety-first  train 164 

Marble  quarrying.  Improved  method 
of   channeling   in,   figure 

showing 113 

methods  in.  Investigations  of 112 

reduction  of   losses  in 114 

utilization  of  waste  In 112, 113 

Maryland,  tests  of  coals  for 84 

Metal   mines,  rules  and  regulations 

for,   compilation  of 60 

Metallurgical  work,  organization  of-  134 
Metals,  corrosion  of,  factors  govern- 
ing   138, 139 

Investigations  of 137, 138 

production  of,  in  Alaska 61 

in  United  States 2 

Bee  alio  Metala  nuMd. 


IKDBZ. 


171 


Page. 
Methane  detector,  electrical,  develop- 

ment  of 01 

Methane  in  mine  air,  inveatigationB 

of 24 

Mettegang  recorder,  view  of 34 

Mine  air,  effect  of  explosives  on 24,  25 

investigations   of 2^-25 

Mine  explosions.    Bee  Coal  mines,  ex- 
plosions in. 
Mine   gases,    detection   of,   develop- 
ment of  device  for 92,  93 

See  also  Oas. 
Mine  rescue  apparatus,  construction 

of,  factors  governing-  12, 13, 14 

dangers   in   use   of 10 

description  of 0 

investigations   of 11 

regenerators  for,  investigations 

of 10. 

tests  with 10.11 

types  of 9 

8e0  aieo  Glbbs  apparatus. 
MJne    rescue    crew,    entering    mine, 

view  of 8 

underground,  view  of 6 

Mine   rescue   methods,   training    in.  7, 17, 

51,64 

stations  for,  list  of 17, 18 

field  contests  In 8 

improvements  in 9 

Mine  safety  cars,  equipment  of 5,  7 

headquarters  of 4 

interior  of,  view  of 6 

transportation  of,  railroads  co- 
operating in,  list  of 6, 6 

Mine  safety  stations,  location  of 4 

Mine  safety  trucks,  equipment  of 7 

headquarters  of- 7 

Mine  safety  work,  educational  fea- 
tures of 4 

in    Western    Pennsylvania,    ex- 
tent of 61 

need    of 3,  4 

Mineral     Industries,     progress     in, 

causes  of . 1 

wastes  In,  prevention  of 1 

Miners'  consumption.     Bee  Silicosis. 
Miner's  electric  lamp.     See  Electric* 

mine  lamps. 
Mining  equipment,  investigations  of.         69 

Bee  also  equipment  named. 
Mining     experiment     stations,     au- 
thorisation for 134 

work  of 134 

Mining  investigations,  scope  of 8 

Mining  laws,  codification  and  anno- 
tation of 68,59,60 

collection  of,  need  of 68 

Mining  methods,  improvements  In 60-65 

on  Indian  lands,  supervision  of.  47,  69 

systematic,  development  of 68 

Minnesota,  tests  of  coals  for 84 

Missouri,  carbon  In  coal  from 97 

lead  and  sine  industry  in,  in- 
vestigations of 146 

mines  in,  investigation  of  sUlci- 

out  dust  itt...^....— —        6S 


Page. 

Missouri,  mining  methods  in 63 

pulmonary  disease  in,  investiga- 
tions of 54 

Missouri  School  of  Mines,  coopera- 
tion of 146 

Moisture  In  coke,  determination  of 97 

Molybdenite,  composition  of 103 

Molybdenum  ore,  treatment  of,  in- 
vestigations in 102, 103 

types  of .- 103 

Montana,  phosphate  rock  in 154 

Mother  hoAe,  Cal.,  hookworm  Infec- 
tion in.  Investigations  of  55,  56 
Mud-laden  fiuld,  for  drilling  wells, 

use  of 124, 125 

value    of 126 

N. 

National  Radium  Institute,  coopera- 
tive agreement  with 100 

101, 102 
Natural   gas,    "dry,"    absorption    of 

gasoline  from 92 

measurement  at  high  pressures.         93 

wastes  of 120,122.123 

need  of  prevention  of 120 

view  of 96, 126 

"wet,"  manufacture  of  gasoline 

from 92,130 

utilisation    of 129,130 

Navy  Department,  analyses  of  coals 

for    85 

cooperation    with 121 

New   Jersey,    cement    rock    quarries 

in.  Investigation  of - 115 

New   South   Wales,    development   of 

oil  fiotation  in 159 

New  York,  tests  of  coals  for 84 

Nitrogen  In  coke,  determination  of-        97 

O. 

Oil,  evaporation  losses  of 129 

from  sands,  extraction  of,  diffi- 
culties   In —       127 

transportation  of,  methods  of.      129 

wastes   of 120 

need  of  prevention  of 120 

Bee  aieo  Petroleum. 

Oil  fiotation,  early  history  of 158, 169 

methods     of,     development 

of 169. 160 

process  for,  applicability  of 160, 161 

recovery  of  ores  by 144 

scope  of 161 

value  of : 160, 161 

Oil  shales,  production  of  petroleum 

from   133 

Oil  storage  tank,  destroyed  by  fire, 

view   of   126 

evaporation  losses  from 129 

Oil  wells,  casings  of,  corrosion  of —      128 
cementing  of,  exclusion  of  water 

by . 128 

dB&gw  Of  wattr  to»..«^..««i«..     128 
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Oil  wells,  drilling  of.  difficultlM  In^.       121 

meUiodB   of 121, 122 

mud-laden  fluid  for 124,126 

gas  trapa  for,  investigation  of-       180 
on  Indian  lands,  restrictions  re- 
garding            49 

supervlsloa    of« .        60 

Oklahoma,  conserratlon  of  petro- 
leum and  natural  gas  In, 
preparation  of  law  re- 
garding        120 

evaporation  losses  of  oil  tn 120 

mining  methods   in 62 

wastes  of  natural  gas  in 122, 123 

value    of 122,123 

Bee  also  Indian  lands. 

Ore,  camotlte,  plant  for  concen- 
trating        102 

from  Qoldfleld,  Nev.,  tests  with.       146 

low-grade,  investigations  of 142 

nonferrouB,  treatment  of,  de- 
velopment    of     processes 

for 142,143 

pitchblende    102 

silver,  cyanidatlon  of I&O 

sulphide,  investigation  of 67 

recovery  of  lead  from 143,  144 

wulfenite,   composition   of^ 103 

Ore  slimes,  settling  of,  investigation 

of 146 

Oxygen     mine      rescue      apparatus. 
JSee  Mine  rescue  apparatus. 

P. 

Panama  Pacific  Exposition,  coopera- 
tion work  at,  value  of 162 

investigations  at 146, 147, 

161, 162, 158 

details    of 148-161 

metallurgical  exhfbit  at 146, 147 

view    of 148 

metallurgical      laboratory      at, 

equipment  of 147 

160, 161 
Peat,  tests  of 86 

Pendulum  friction  device,  operation 

of   35,36 

purpose  of 36 

view    of 36 

Pennsylvania,  cement  rock  quarries 

in.  investigation  of 115 

mining  methods  in 60,  61, 66 

Pennsylvania    department    of    labor 

and  industry,  cooperation 

with   136 

Permissible   explosives,   development 

of 82,33 

use    of 40,  41 

61,  62,  64 

Increase    In 40 

on  Indian  lands 47,48 

Petroleum,  future  production  of 127 

need  of  Increasing 127 

investigations  of,  need  of 182 

need  of  conssnratUm  of— .— ..^       117 


Petroleum,  produetioa  of 117 

decrease   in 117 

from  oil  shales 1S3 

methods  of  increasing...  127,  128 

wastes  In 117 

preveBtion  of 127 

products  of,  scope  of .^ 116 

supply    of 116 

117,  127 

utUlaatioB  ot  waste  In 117 

Bee  alMo  Oil. 

Petroleum  division,  organisation  of.  119 

purposes  of 119,  120 

work  of 119 

Phosphate  roclL,  occurrence  of 154 

fertiliser  from,  ntlllxatlon  of 
sulphuric  acid  for  mak- 
ing      154 

Plckard,  -,  oil  flotation  method  of-.  159 
Pikes    Peak,    Cola,    tests   of   mine- 
rescue  apparatus  at 11 

Pitchblende,  concentration  of,  Inves- 
tigations in 102 

treatment  of,  investigations  in.  102 
Pittsburgh,  Pa.,  experiment  station 
at,  analytical  laboratory 

at,  equipment  of 95 

work  of 95 

buildings  of,  description  of  163 

view  of 164 

work  of 162 

Producer  gas,   production  of,  from 

lignite    87 

Pulmonary  diseases.    Bee  SUieesls. 

Pyrometer,  description  of 106 

design  of,  factors  governing..  106i.  107 

figure  showing 106 

Q. 
Quarrying    industry,    accidents    in, 

causes  of . 111 

extent  of 110 

investigation  of,  purpose  of 110 

Bee  also   Bulldlng-stone,   Lime- 
stone, Marble,  and  Sand- 
stone quarrying. 
Quicksilver,  investigations  of 103 

B. 

Radium,  extraction  of,  cost  of 100 

ores,  investigations  of 100, 101 

methods  of  analyses  of,  investi- 
gations of 101 

production   of 100.  101 

scarcity  of,  causes  of 100 

treatment  of  cancer  by 101, 102 

Ramsey.  William,  radium  Investiga- 
tions of 100 

Rate  of  detonation,  determination  of.  34, 35 
apparatus    for,    description 

of 34 

Rescue  apparatus.     Bee  Mine  rescue 
apparatus ;  Otbbs  appara- 
tus. 
Rice,  G.  EL,  development  of  rock  dust 

barriers  by — .. 20 

tests  of  rock  dnst  b^ 80 
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Pago. 
Rittman,  W.  F.,  method  of  maklnir 

gasoline  devised  by 118 

value  of 131 

need  of  development  of 181 

Rock   dust,   prevention   of   coal-dust 

explosions   by 20-22 

tests   of 20 

Bock  dust  in  coal  mines,  application 

of,  view  showing 16 

blowing  machine  for,  view 

of 28 

use  of,  costs  of 22,23 

methods  of  applying 28,  29 

Rock-dust  barriers,  constmctioii  of..  29,  30 

development  of . 29 

operation   of 29,80 

view    of . 80 

Bust,    effect    of,    on     corrostoo     of 

steel 189, 140 

Rutherford,  Ernest,  radium  investi- 
gations  of 100 

8. 

Safety-first  train.     See  Qovemment 

safety-first  train. 

Safety  devices  at  blast  furnaces 136 

Safety  In   quarrying 111 

Safety   works  at   mines 61,62 

Safety  rules  In  California 43,  44 

Salt    Lake    City,    Utah,    cooperative 

work  at 142 

Sand  test  for  detonators,  bomb  for, 

view    of 40 

description  of 39,40 

Sandstone  quarrying,   investigations 

of 114,115 

wastes    in 114 

San    Francisco,    Cal.,    investigations 

of  smelter  fume  at 134 

Scotland,  oil  shales  in 133 

Seattle,    Wash.,    mining   experiment 

station   at 134 

Selby     Smelter     Commission,     work 

of 156,166 

Silicosis,  causes  of 64 

in  Butte,  Mont,  mines  investi- 
gation of 66 

in  Joplin  district.  Mo.,  investi- 
gations  of 53,  64 

Silver  in  low-grade  ores,  recovery  of-       143 

Silver  ores,  cyanidation  of,  investi- 
gation of 150 

Silverton,   Colo.,    low-grade   complex 

ores  of,  investigation  of.         57 

Slag,  determination  of  iron  in 99 

ore  in,  recovery  of 152 

See  Blast-furnace  slag. 

Smelter,  operation  of,  in  agricultural 

districts,  objections  to 155 

Smelter  fume,  constituents  of 153 

recovery   of 163 

value  of 163 

investigaUons    of 134,152,166 

apparatus    used    in,    view 

of 142 


Page. 
Smelter  fvnie^  solphnr  in,  recovery 

of 155, 156 

investigations    of 156» 

snlphar  In,  recovery  of 166, 166 

167, 158 

use  of  steam  for  .. 167 

otilization    of 164 

Bolphox*    dioxide-    in,     damage 

caused    by 164 

Sulphur  gases  from,  utilisation 

of 146 

SmeltlniT    lead    ores,    equipment    of 

laboratory   for 160 

Soot,  formation  of,  at  fuel  bed 78 

Steam    boilers,    design    of,    factors 

governing .. 79 

Steam  power,  machinery  for,  need 
of    increasing    efficiency 

of    67 

Steel,  alloys  for,  value  of 103 

corrosion  of,  methods  iar  pro- 
tection  from 138 

wastes    from 187 

Steel   Industry,   accidents   In,   inve»- 

tigatlons  of 185,136 

Steel  plants,  investigation  of  health 

conditions    at 137 

Storage  tanks  for  oil.    {See  Oil  stor-^ 
age  tanks.) 

Storage  battery,  for  locomotives- 42, 

43, 63,  91 
See    Locomotives,    storage    bat- 
tery. 
Storage  test  of  explosives,   descrip- 
tion of 36 

Sulman  — ,  oil  flotation  method  of-       169 
Sulphur,  organic,  in  coal,  tests  for-        97 

See  Smelter  fume. 
Sulphuric  acid,  manufacture  of,  fac- 
tors in 154 

use   of 154 

T. 

Taffanel,  rock-dust  experiments  by-l         20 
Tar   from   lignite,   utilization   of  —  87,88 

Tennessee,  mining  methods  in 63 

Texas,  oil  field  in,  view  of 126 

Thiogen  process  of  recovering  sul- 
phur, investigation  of 158 

Toluene   from   water  gas,  nitration 

of 93,  94 

Trausl  lead  block,  test  with,  purpose 

of 38 

after  test,  view  of 36 

Treasury  Department,  specification 
plan  for  purchase  of  coal 

by   84 

Trinitrotoluene,  production  of,  from 
water-gas  toluene,  inves- 
tigation  of 94 

Tuberculosis  in  Joplin  district.  Mo., 

prevalence    of 53 

Tuscon,    Ariz.,    mining    experiment 

station    at 1^4 

Tungsten,  in  steel,  value  of 103 

InvestigationB    of 103 
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Tambrtdge,      John,      oil      flotation 

method    of 158 

U. 

United   Mine   Workers   of  America, 
first-aid   resolutions 

adopted   by 18 

United   States,  annual   consumption 

of  coal  In 70 

petroleum  supply  in 117 

U.  S.  Geological  Survey,  cooperation 

with 05,110 

on  mineral  output  of  Alaska —        61 
on  value  of  mineral  output  In 

1916 1 

t^  S.  Public  Health  Service,  coopera- 
tion with 53,  55,  137 

University    of    Illinois,    cooperation 

with 23 

University  of  North  Dakota,  coopem* 

tion  with 86 

University  of  Utah,  cooperation  with.  142 

Uranium,  In  steel,  value  of 108 

investigations   of 103 

ore,  occurrence  of 100 

Utah,  oil  shales  in 138 

uyinlum  ore  in 100 

Vanadium,  investigations  of 108 


V. 

Ventilation  in  coal  mines,   methods 

of   63,  64 

Virginia,  mining  methods  in 63 

Viscosimeter,  development  of 141 

Viscosity  of  blast-furnace  slag.     See 
Blast-furnace    slag,    vis- 
cosity. 
Volumeter,  view  of 99 

W. 

War  Department,  Inspection  of  do- 
mestic fuels  for 83 

Washlngt(«,  D.  C,  fuel  tests  at 82 

Water  gas,  toluene  from,  nitration 

of   93,94 

West  Virginia,  mining  methods  In —  64 

Wlllard,  Daniel,  cooperation  of 164 

Wulfenlte,  composition  of 103 

Wyoming,  mining  methods  In 62 

oU  shales  la 133 

Z. 

Zinc,  in  low-grade  ores,  recovery  of-       145 
in  sulphide  ores,  recovery  of-  143, 144 
mining  and  milling  of,  Investi- 
gation of 140 

production  of 2 

use  of 187. 138 

dust,  preparation  of 145,146 
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